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ABSTRACT
Persistence and Characteristics of Calculus Students in STEM Disciplines
Xiangming Wu
The purpose of this dissertation is to investigate the relationships between student
persistence and students’ attributes or perceptions of instructional pedagogies, as well as to
examine whether the identified relationships are moderated by three different instructional
settings. Improving student persistence in science, technology, engineer, and mathematics
(STEM) fields has been focused on by many researchers in mathematics education. A consistent
STEM student enrollment in colleges/universities coupled with a high drop-out rate has been a
striking issue. Many studies have been dedicated to investigating the factors that have play a role
in this problem. Researchers have found that there are significant relationships among student
persistence, students’ attitudes and beliefs toward mathematics, and perceptions of pedagogies.
However, the role course structures played in these relationships has not been focused on by
many studies. In this dissertation, I replicated a national study titled Characteristics of Successful
Programs in College Calculus (CSPCC) in three different Calculus I course settings to study the
role of course structures in changes in students’ attitudes and beliefs toward mathematics and in
the relationships among persistence, attitudes and beliefs, and perceptions of pedagogies.
To examine the effect of three different course settings on student attributes toward
mathematics including attitudes, beliefs, enjoyment, confidence, and desire for more
mathematics, I surveyed 1051 first semester calculus students by utilizing a well-developed
survey from the CSPCC study. Analysis of survey data with respect to student attributes revealed
the learning experience in different course settings affected student attributes differently. In
paper 1, I explored some significant differences and similarities in Calculus I student attributes
among three different course settings, and I showed that these differences and similarities were
affected by course settings, instead of student academic backgrounds.
In this dissertation I also examined a moderation effect of course settings on the
relationships between student STEM persistence and student attributes or perceptions of
pedagogies. In paper 2, I confirmed the relationships found in literature; but I also found the
course structures moderated these relationships. The student confidence and the progressive
teaching in one of three course settings moderated the relationship significantly.
In paper 3, I specifically focused on Calculus I students’ major and career exploration by
doing a case study in order to provide some focused insights to understand some parts of the
STEM drop-out issue. I explored Calculus I student’s characteristics of major and career decision
making strategies, as well as their reasons for changing their planned major and career.
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Chapter 1. Introduction
Calculus is a gateway course where students traditionally struggle; the purpose of this
study is to determine how well one university’s approach to teaching the course aligns with a
national study of calculus effectiveness. This study analyzes relationships among students’
attitudes and beliefs toward mathematics, perception of instructional pedagogies, and persistence
in three different Calculus I instructional settings to gain an insight into factors that need to be
considered in a future development of successful Calculus program.
Background Study
Calculus I has been traditionally offered every semester in the Department of
Mathematics at West Virginia University (referred to as “local department” for the remainder of
this document). From fall 2002 to fall 2012, the local department instructed 16,047 (no repeat
students included, i.e., no double counts) Calculus I students. Students have entered Calculus I

Table 1. Enrolled Calculus I students by entry path from fall 2002 to fall 2012.
Entry path

Total

ACT/SAT/QRA

4,976

AP/Transfer credits

2,309

Completion of pre-requisite
9,400
courses at WVU

*

Other

4,789

Total

21,474*

This number includes all the enrollments, counting students each time they enrolled in the

course and thus differs from the number in the preceding paragraph
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through various paths: ACT/SAT mathematics score or local departmental placement exam score
(Quantitative Reasoning Assessment - QRA), Advance Placement (AP) score or transfer credits,
or completion of pre-requisite classes. Table 1 provides information on the numbers of students
who used each path to enter Calculus I from fall 2002 to fall 2012.
Between fall 2002 and fall 2012, the local department dedicated significant resources to
the development of the Calculus program including the design of different Calculus I versions
for different audiences of students (based on declared majors). A short history of development of
the program is presented in section 5 of this chapter. Currently, Calculus I is offered in several
different options, but two are the main pathways for students to get through Calculus I in the
local department. The first is a slower paced two-semester course with Precalculus content built
into it for students ready for calculus content but not quite ready for the fast pace of a regular
college calculus course, Math 153 and Math 154. The larger portion of student population in this
course are engineering majors. In this course, students meet with their instructor three times per
week in a lecture format class, and once per week in a ‘laboratory’ setting with a graduate
student to work on activities in groups designed to support the development of concepts. This
course has a class size about 80 students in both lecture and lab. The labs in Math 153 are

Table 2. Student pass rates from fall 2002 to fall 2012

a

Course

Enrollment

Pass Rate

Earned a grade of ‘A’
among passing students

Math 153/154a

2593

39.65% (1028)

20.04% (206)

Math 155

14680

54.09% (7940)

25.58% (2031)

math 153/154 started in the fall 2008
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computerized and part of the labs in Math 154 are computerized, part are still using pencil and
paper. The second is the standard one-semester undergraduate Calculus I course, Math 155. This
course has four different versions, and the specific details will be presented in section 1.2. Pass
rates for Calculus I students from fall 2002 to fall 2012 (with a passing grade defined as a C or
better) are presented in Table 2.
In fall 2013, for the purpose of gaining insight into students’ achievement in Calculus I
and Calculus II, I analyzed a dataset consisting of all Calculus I & II students’ information
including demographics and grades for the ten-year period from fall 2002 to fall 2012. The goals
for this investigation were to compare:
1) student success rates in Math 155 and Math 153/154
2) student success rates in four different versions of Math 155
3) student success rates after persisting into Calculus II by the different entry paths
4) student success rates after persisting into Calculus II by each version of Math 155
1.1 Success rate comparison between Math 155 and Math 153/154 from fall 2008 to fall 2012
Since Math 153/154 started in fall of 2008, and my dataset ended in 2012 (when I started
this work) I compared a four-year period of data instead of a ten-year period for this comparison.
In this comparison, since the students enrolled Math 153 and 154 need to finish both Math 153
and Math 154 to be considered having completed Calculus I, the total enrollment for Math
153/154 (in Table 3) includes all students in both classes. However, the student success rate I
used only included students who passed Math 154 with a grade of C or better. In the other words,
a student who passed Math 153 with a grade of C or better but did not complete Math 154 in any
subsequent semester was not considered as a passing student. As shown in Table 3, the number
of students who completed Math 155 was about twice the number of students who completed
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Math 153/154 from fall 2008 to fall 2012; and the success rate for Math 155 surpassed the
success rate for Math 153/154 by 21.73%. Within the students who succeeded in both classes,
the percentage of Math 155 students who received a grade of A in Math 155 was 9.67% more
than that in Math 153/154. This is not surprising a result, because Math 155 students have a
comparatively stronger mathematics background than Math 153/154 students, and deficiencies in
mathematics background was the main reason for the separation of students.

Table 3. Comparison of success rates between Math 155 and Math 153/154 from fall 2008 to fall
2012
Math 155

Math 153/154

Total Enrollment

5429

2593

Earned grade of A, B, C

61.38% (3329)

39.65% (1028)

Earned grade of A only

29.71% (989)

20.04% (206)

1.2 Success rate comparison between versions of Math 155
Due to the different demands of mathematics for different majors, starting in the fall of
2005 the local department began offering several versions of Math 155 instead of a single,
traditional course. The engineering version (E) was offered for engineering majors such as
chemical or electric engineering, etc. Three days per week students attend more traditional
lecture format meetings with the instructor of record. This course has 40 students during the
study period in both lecture and recitation. During non-computerized recitations two days per
week, students work on activities led by graduate students that often align with content they are
also learning in their introductory engineering courses and that maintain a high level of
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computational complexity. The course focuses more on technical skill development and
computational precision than on deeper conceptual understanding. Many of these classes are
offered on the engineering school’s campus, instead of near the Department’s other classes. The
non-engineering (NE) version was provided for non-engineering majors such as economics,
English, chemistry, biology, etc. The format of the course incorporates a highly student-focused
meeting with an instructor three times per week that incorporates group learning and other
activities to develop strong conceptual understanding. These activities incorporate a more active
learning approach where students develop concepts though guided activities. Summative
assessments focus on these concepts and avoid complex numerical processes that would require
a calculator. Students meet with graduate assistants twice a week for additional work on problem
solving and homework. This course has 34 students in both lecture and recitations. The Honors
version (H) was offered to students who were members of the WVU Honors College. (Note:
their inclusion in this group did not mean that they were ‘excellent’ mathematics students, but
‘excellent’ students overall and had been accepted to a university-wide Honors program and
could enroll in any course designated as such, including mathematics courses). This course is
purely lecture based, and it has 24 students per section. The Emerging Scholars Program (ESP)
version was started several semesters later and offered to underrepresented students at WVU,
defined to be ethnic minority, female, first-generation, etc. and this course usually is about 20
students.
As shown in the Table 4, the success rate for Honors (80.37%) surpassed the success rate
for other three versions of the course; followed by ESP with a success rate of 71.43%. The
Honors class achieved the highest success rate as anticipated since students were expected to be
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the strongest academically among the four groups. The ESP version was constructed as a small
class, inquiry-based and met for one additional hour per week than most other versions so

Table 4. Success rates for the four versions of Math 155 from fall 2005 to fall 2012

Total Enrollment

E

NE

Honors

ESP

3987

4991

219

84

51.24%

58.32%

80.37%

71.43%

(2043)

(2911)

(176)

(60)

14.68%

33.15%

40.34%

36.67%

(300)

(965)

(71)

(22)

Earned grade of A, B, C

Earned grade of A only

students received more attention from the instructors and had more interaction with the content.
Traditionally, this group of students perform worse than the majority population. The special
construction of ESP class is to help underrepresented students to be successful in their academic
career. Therefore, the results shown in Table 4 could be used to support the continuation of the
ESP Course at the calculus I level. Its effectiveness has been examined at the surface level
(Deshler, Miller, & Pascal, 2016) and warrants further study.
I took a closer look at E and NE because these two courses are the most similar among
four. Due to the difference in their purpose (goals, student population, etc.), professors may have
different expectations of students in the two classes with respect to conceptual and procedural
skills. Comparatively speaking, E is coordinated with a desired higher demand for the learning of
computational skills than NE. Consequently, it was more difficult to earn a passing grade, and
again to earn a very high passing grade. Therefore, it is not surprising to notice that, overall, NE
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students were slightly higher achieving in terms of grades than E students. I anticipate there are
more factors that affect these rates of success than strictness in grading and would like to explore
these other factors. Additionally, the percentage of students who passed the course with a grade
of A in NE was almost two and half times the percentage of students who earned the same grade
in E, even though the overall success rate for these two courses only differs by 6.79%. We
investigate next whether this trend in the difference in performance between the classes
continues into the subsequent class, Calculus II.
1.3 Success rate comparison after persisting into Calculus II between Math 155 and Math
153/154
Students have three primary entry paths by which they can enter Calculus II (Math 156)
in the local department - through successful completion of Math 155, through a successful
completion of Math 153/154, and through a transfer of credit (including AP credit and
transferred credit of a prerequisite course from another institution). Students must earn a C or
higher either in Math 155 or Math 153/154 to register for a Math 156 class. Persistence from
Calculus I to Calculus II is defined as succeeding in Calculus I then enrolling in Calculus II in
any subsequent semester.
Students who completed either Math 155 or Math 153 and 154 from fall 2008 to fall 2012
were tracked into Math 156 to analyze success rates. Transfer grades were considered separately
with special attention. I hypothesized that students who completed different pre-requisites for
Calculus II would succeed differentially in the course.
As shown in Table 5, the significant gap in the student success rate between Math
153/154 and Math 155 shown in Table 3 (21.73%) decreases when examining Math 156 success
(only a 10% difference). There is not as great a difference (though still a difference) in student
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performance in Calculus II as there is in Calculus I, depending on the Calculus I class they took.
On the other hand, the success rate with a grade of A still indicates a better performance of Math
155 students in Math 156 than the Math 153/154 students.

Table 5. Comparison of success rates of Math 155 and Math 153/154 students in Math 156
Math 155 →Math 156

Math 153/154 →Math 156

Total Enrollment

1833

711

Earned grade of A, B, C

83.41% (1529)

73.42 % (522)

Earned grade of A only

31.92% (488)

20.88% (109)

1.4 Success rate comparison after persisting into Calculus II by each version of Math 155
The results from Table 4 illustrated that NE students earned higher grades than E
students. We anticipated that the students from NE would do better than the students from E after
entering Calculus II, however, the success rate for the students from E is 8.21% more than that of
students from NE, in Calculus II, though the percentage of students who received a grade of A is
about same (Table 6). The students from Honors and ESP maintained a high success rate of
83.92% and 79.07% respectively, in Calculus II.
As mentioned earlier, transfer students are considered separately. We are interested in
how these students perform in Calculus II since we cannot judge their Calculus I performance or
environment. As the shown in last column of Table 6, a considerably lower success rate occurred
in the transfer group. However, it is worth noting that the transfer group has a very high
percentage of students who received a grade of A. We see a polarization within the transfer
group - very high performing (42.93% of those that passed earned an “A”) and very low
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performing (only 31.64% of them passed the class) students - an interesting phenomenon for
further investigation.

Table 6. Success rates for four versions of Math 155 after entering Calculus II from fall 2005 to
fall 2012

Total Enrollment

E →156

NE →156 Honor →156 ESP →156 Transfer →156

1690

1472

143

43

6928

88.17%

79.96%

83.92%

79.07%

31.64%

(1490)

(1177)

(120)

(34)

(2192)

31.28%

33.47%

55%

29.41%

42.93%

(394)

(60)

(10)

(941)

Earned grade of A, B, C

Earned grade of A only

(Among passing students) (466)

In conclusion, there appears to be a difference in student success rate between onesemester Calculus I and two-semester Calculus I with Precalculus, as well as among the different
versions of the one-semester course. However, these findings alone do not provide a complete
picture of the preparation of Calculus I students in any of the courses nor indicate any factors in
students, instructors or instruction that might be the cause of the differences in student
performance.
1.5 Rationale for CSPCC replication study
The above described historical data and thoughts about the incomplete nature of
understanding of Calculus I instruction at the local department led me to my current project.
Moreover, prior to this dissertation study, the local department has spent a large amount of
resources to develop a successful Calculus I program, but there is not a rigorous study that has
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been conducted to layout the accomplishments and to understand the effectiveness and the
weaknesses of these five different versions of Calculus I. The findings led and helped me to
conduct a formal research study to rigorously examine various characteristics of Calculus I
instruction at WVU and their effects on student performance, success, attitudes and beliefs,
especially with respect to the student’s intention in pursuing a science, technology, engineering,
and mathematics (STEM) major.
However, until I read about the national study, Characteristics of Successful Programs in
College Calculus (CSPCC), I did not have a good model for my study. The CSPCC study
involved one-semester of data collection via surveys, and my replication study at WVU captures
a ‘snapshot’ of Calculus instruction in the local department - a one-semester collection of data to
fully understand the instruction and the students during that time.
The CSPCC Study
The Characteristics of Successful Programs of College Calculus (CSPCC) project is a
national study, funded by the National Science Foundation (NSF) and conducted under the
auspices of the Mathematical Association of America (MAA). In this section, I describe this
study and summarize some of the results related to student persistence and student attitudes and
beliefs towards mathematics (Bressoud, Carlson, Mesa, & Rasmussen, 2013; Ellis, Kelton, &
Rasmussen, 2014; Sonnert, Sadler, Sadler, & Bressoud, 2015), and explain how my dissertation
merges with the CSPCC study and why I believe this study provided an excellent model for my
study.
From 2009 to 2014, a team led by David Bressoud and Marilyn Carlson conducted a
national study of Calculus I instruction in U.S. colleges and universities, sponsored by the NSF
(DRL REESE #0910240). They attempted to identify characteristics of successful programs in
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college calculus. The description and results of the study can be found in the book Insights and
Recommendations from the MAA National Study of College Calculus (Mathematical Association
of America, 2015). The follow-up project, Progress through Calculus (PtC, NSF DUE #1430540)
is currently investigating what does and does not work in the implementations of
recommendations from CSPCC findings to improve student success in a Precalculus-to-Calculus
II sequence. The goals of CSPCC were:
1. To improve our understanding of the demographics of students who enroll in calculus
2. To measure the impact of the various characteristics of calculus classes that are believed
to influence student success,
3. To conduct exploratory case study analysis of exemplary programs to identify why and
how these programs succeed,
4. To develop a theoretical framework that articulates the factors under which students are
likely to succeed in calculus, and
5. To use the results of these studies and the influence of the MAA to leverage
improvements in calculus instruction across the United States.
The study consisted of two phases. The first phase was the administration of five surveys
to collect primary data including student demographics, attitudes and beliefs, high school
preparation, students’ and instructors’ perception of instructors’ teaching pedagogies,
departmental preparations and supports. The surveys were sent to over 14,000 students at 521
colleges and universities, and 212 colleges and universities participated. These data were
examined and used to determine which institutions had a successful program on several axes,
including students’ final grades, persistence, and attitudes and beliefs about mathematics. The
second phase involved case studies. The study team visited 17 institutions that were identified as
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successful. Case studies comprised focus group interviews, class observations, and interviews of
many administrative and teaching staff at each institution.
Bressoud, Carlson, Mesa, and Rasmussen (2013) reported some standard statistics about
student demographics, attitudes and beliefs, and STEM persistence for the sample in the CSPCC
study. They found that 61% took a calculus class in high school, and 62% of those took an AP
AB course, 13% took a BC course, and 34% earned a 3 or higher on AP exams. Students were
confident with their preparation and abilities. However, their actual performance was lower than
what they expected: one quarter of them did not pass their class, and the grade earned for those
who did pass was much lower than anticipated. Moreover, with a pre- and post-surveys,
Bressoud et al. (2013) reported that students experienced a significant decrease in levels of
confidence, enjoyment and desire toward mathematics. These results are further confirmed by
Bressoud (2015), and he suggests to high school teachers that there is no need to rush high
school students into calculus, but should instead offer an alternative course in high school that
focuses on strengthening students’ understanding of algebra, geometry, trigonometry, and
functional relationships while building problem solving skills would be very welcome.
Ellis, Kelton and Rasmussen (2014) specifically analyzed students’ perceptions of twelve
(12) instructors’ pedagogical activities in teaching Calculus I. They compared the reported
frequency of each of the 12 pedagogies among switchers, persisters, and converter. They noted
that switchers and persisters had different perception of instructor’s pedagogies. They concluded
that these differences showed that the instructor’s pedagogy is the main factor impacting
students’ persistence in Calculus I. In general, low levels of perception on specific activities are
individually related to STEM persistence. Specifically, switchers reported low levels of activities
showing students how to work specific problems, lecturing, preparing extra material to help
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students understand calculus concepts or procedures, requiring students to explain their thinking
on exams, and holding a whole class discussion. Moreover, the activities often considered as
“innovative”, including explaining their thinking, having students give presentations, holding a
whole-class discussion, and having students work with one another, were perceived to be
discouraging for converters switching into STEM majors.
According to Johnson, Ellis and Rasmussen (2015), how instructors and students
experience time constraints on covering amount of material is related to student persistence in a
STEM major. Students found motivation difficult to go to a class where the instructor does not
present materials in a stimulating manner, and is over-focused on getting students to memorize
material, and does not communicate with students to make sure the presented materials are
effectively understood by students.
Sonnert et al. (2015) performed an analysis of the factors of “good teaching” and
“ambitious teaching.” The results show that how instructors teach affect students’ mathematics
attitude. Specially, generally accepted “good teaching” (e.g. clarity in presentation and
answering questions, useful homework) practices have the most positive impact, particularly for
students with a weaker initial attitude. Use of educational technology (e.g. graphing calculators)
has no impact on attitudes, except a negative effect on student attitudes when used by graduate
student instructors. “Ambitious teaching” (e.g. group work, flipped reading) has a small negative
impact on student attitudes, but enhancing attitudes for students who already enjoyed a positive
attitude and in a large classroom environment. Ellis, Hanson, Nunez and Rasmussen (2015)
analyzed the homework given to the calculus students and concluded three important aspects of
homework, including structure, content, and feedback, that have impact on students’ attitudes,
and in turn on students’ persistence. Specifically, they found that homework with more varied
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structure, that included more content emphasizing skills as well as solving novel problems, and
provided higher amounts of and frequency of feedback to students led to students tending to be
more successful. Also, students felt positively towards conceptually driven homework, but their
feelings were mixed or negative regarding the logistical aspects of online and group homework
assignments.
Instead of examining the data at a national level, I examined data from three versions of
Calculus I at one institution. I gave the same surveys used by CSPCC to the students during the
fall 2015 semester. In this way, I can compare WVU’s data to the national dataset which we have
been provided. Hence, one of the goals of my current project is that the results of the study will
contribute to complete a richer picture of successful college calculus programs and provide a
better understanding of WVU’s calculus offerings and the aspects of the programs that are and
will be most successful.
A note on the analysis of historical data
I must note that the historical data may not accurately reflect current student
performance. There was a significant time gap between the data collection for my study and the
background data. The results of analysis of historical data could be unrepresentative to outcomes
of current versions of Math 153/154 and the E and NE versions of Math 155. Since the fall of
2012, many modifications have happened in these classes. Math 153/154 and Math 155 NE have
new course coordinators and there have been changes in structures of some of the courses. We
also note that it is very difficult to compare the success of students in Math 153/154 to those in
155 as a single semester snapshot would capture students only halfway through the Calculus I
curriculum in Math 153/154, but students in the Math 155 classes who would have completed the
curriculum. In the background data (section 1), we used ‘success’ to represent the number of
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students who started Math 153 and successfully passed Math 154 in a later semester. That is a
more complicated set of data to work with than the pass rate data for a single-semester Math 155
class. Hence, the results presented in section 1 do not illustrate accurate outcomes for recent
years (since fall 2012). Since the data for my dissertation were collected after the modifications,

Table 7. Fall semester student success rates for Math 153, E, NE from 2011 to 2015
Semester

Course

Earned grade of
A, B, or C

Fall 2011

Fall 2012

Fall 2013

Math 153

75.65%

NE

70.69%

E

69.02%

Math 153

73.48%

NE

65.09%

E

67.98%

Math 153

77.04%

NE

69.00%

E

73.38%

Math 153

57.22%

NE

64.56%

E

76.32%

Math 153

72.66%

NE

73.26%

E

74.63%

Fall 2014

Fall 2015
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and based on earlier data, I acknowledge that I should present more recent student outcomes to
clarify any questions the readers might have about current performance of students in these
courses. If we consider only a fall semester performance (usually the stronger students are
enrolled in Calculus I in a fall semester), then we would compare only Math 153 students to
Math 155 E and Math 155 NE. Table 7 shows that the success rate in Math 153 during fall
semesters between 2011 and 2015 was higher than in E or NE in three of the five years.

Table 8. Students’ success rates for Math 154, E, and NE after entering Calculus II from 2012 –
2016

Total Enrollment

E →156

NE →156

Math 154 →156

1528

1173

839

742

87.24%

73.15%

78.31%

78.57%

(1333)

(858)

(657)

(583)

a

Other → 156

Earned grade of A, B, C
a

Other includes the other two versions of Calculus I (H, ESP) and transfer students

By comparing Tables 7 & 8 to Tables 3 – 6, I believe I can claim that the historical data
are still representative of student performance in E & NE. There is a significant difference in the
Math 153/154 data presented between the two sets of tables (historical vs. more current data),
which we acknowledge could be due to the combination of changes in the course and the
difference in where students were in the timeline across the Calculus I curriculum (whether they
had completed the entire course or only one semester of it).
Brief history of the Calculus I program in the local department
The design of the Calculus I program occurred over a decade in the early 2000s. Prior to
this, in the late 1990s, Calculus I enrollment at the University was a small percentage of the
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overall mathematics enrollment, but as this population began to grow so did concerns about the
mathematical backgrounds of the students and their success in the course. By the early 2000s,
low student success rates and differences of opinion on the necessary content and rigor in the
course first led to a split of the course into two versions - one for engineering majors and one for
the rest of the student population. At this time, the University’s College of Engineering offered
to support their students by aligning the content of other classes in that College with the
mathematics content of the engineering version of the Calculus I course. The engineering
students are provided with engineering-based application problems during recitations led by
post-graduate students that often align with content they are also learning in their introductory
engineering courses. The practice problems for students in the non-engineering version of the
course are relatively more conceptual and application problems are not engineering based.
Shortly after splitting into these two versions of the course, student success and
placement data was used to identify a distinct cohort of students who would have previously
either not been able to directly enroll in Calculus I or who were at the highest risk of failing or
withdrawing from the course. For this cohort, another course structure was developed that would
allow them to learn the content from Calculus I over a two-semester time-period (instead of one)
allowing for more in-depth coverage of core but troublesome calculus concepts with time to
review pre-calculus content as needed. Students entering this course typically are at or above the
level of precalculus but do not have the mathematical maturity to flourish in the pace of a onesemester course. The goal of this course was to establish a Calculus I entry point that would
allow access to students who otherwise would not be able to enroll there due to lack of
preparation or would likely not succeed in the traditional one-semester course.
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Each version of the course has a coordinator who supervises the instructors in that course
and whose philosophy about teaching and goals for the course drive their curricular decisions
independent from the other courses, except for one item - all three courses use the same
textbook. The textbook is used for the entire calculus sequence, and beyond Calculus I there is
only one version of each course (Calculus II, Calculus III, etc.). The extent to which each course
relies on the textbook is, however, up to the coordinator for that course. Each coordinator
determines how the instructors and students spend their time during both lecture and recitation or
lab hours.
Literature Review
For my dissertation, I have identified two relevant bodies of literature. The first one
focuses on student persistence, the second one on the role of students’ attitudes and beliefs
toward mathematics.
5.1 Introduction
Given its great broad importance and utility in college/university education, the subject
of Calculus I has gained attention in the field of mathematics education, and a significant
amount of research has been conducted to study this subject with respect to a variety of aspects
ranging from Calculus I curriculum reforms to the teaching and learning of specific topics in
Calculus I (e.g.: functions, limits, derivatives, etc.). There are many reasons why mathematics
education researchers have focused on Calculus I. Calculus I is considered by many as a gateway
that students pursuing a STEM major must pass through to successfully pursue their degree
programs. Thus, mathematics education researchers often consider Calculus I as a course that
filters students in a STEM field. Due to its importance, researchers, educators and administrators
alike feel that Calculus I should be well taught. Unfortunately, a recent study showed that almost
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a quarter of the students in any given calculus class will not earn a passing grade (Bressoud,
Carlson, Mesa & Rasmussen, 2013). Many students departing higher education state that a
poorly-taught learning experience in an introductory course is a primary reason for leaving
(PCAST, 2012; Hunter, Thiry, Holland, Harper, & Seymour, 2016), and Calculus I was among
the courses most often cited. I was attracted by the literatures on student persistence (especially
STEM persistence) as well as students’ attitudes and beliefs toward mathematics; and the
CSPCC project (section 2) is the most closely aligned to these ideas in the context of Calculus I.
5.2 Persistence Literature
Even though there is an historically high demand for STEM graduates to strengthen the
national work-force (NSB, 2007; NRC, 2007, 2010; PCAST, 2012), studies show that the
number of students pursuing a STEM major has remained constant at about 30% (Carnevale,
Smith & Melton, 2011; Hurtado, Eagan, & Chang, 2010) and less than 40% of those actually
complete a degree in a STEM field (PCAST, 2012). Many STEM intending students change their
majors with researchers finding many reasons for their departure specifically including their
Calculus I learning experiences (Seymour & Hewitt, 1997; Ellis, Kelton & Rasmussen, 2014;
Litzler & Young, 2012; Soldner, Rowan-Kenyon, Inkelas, Garvey, & Robbins, 2012). National
Center for Education Statistics (2008) reported that out of about 4 million 9th graders who
entered high school in 2001, about 1.9 million of them went on to either a two- or four-year
college four years later. However, less than 300,000 of them majored in a STEM field (including
health sciences) and only about half of them graduated with a STEM degree at 201l. Education
researchers have noticed the trend and have focused their research efforts on this problem. For
instance, engineering fields are popular majors among STEM intending students and have been
greatly focused on by many researchers. The National Research Council (2007, 2010) indicates
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that there is a great need for engineering graduates to sustain the United States’ competitive
position in the global market. However, a study showed that students are most likely to drop out
from an engineering major during the first two years of school (Litzler & Young, 2012). Froyd,
Wankat, and Smith (2012) found a diminishing trend in engineering students’ performance in a
sequence of Calculus courses. They proposed that an engineering student’s performance in the
Calculus sequence is a good approximate prediction of the student’s performance in an
engineering major as well as of his/her persistence in engineering in general. This implies that a
grade received in Calculus I plays a critical role on an engineering student’s intention to continue
in an engineering major.
Now, it is very clear that we need to examine the reasons students give for leaving STEM
majors, and then proceed to address the issues in terms of teaching implications. There are many
reasons why students are leaving (Seymour & Hewitt, 1997; PCAST, 2012). In their book,
Talking about leaving: why undergraduates leave the sciences, Seymour and Hewitt (1997)
revealed several important categories of reasons for why student’s leave (a team lead by
Seymour are currently investigating these categories again to examine if there have been some
changes), and I will discuss them later in detail. These reasons are echoed by PCAST’s (2012)
findings focused on students leaving STEM degrees. Both remarked that poor learning
experiences were the most common complaint. Results from the CSPCC national study showed
that students’ experiences in Calculus I have significant effects on decisions about pursuing a
STEM major as well as their attitudes toward mathematics (Bressoud, Carlson, Mesa &
Rasmussen, 2013). Others (Rasmussen & Ellis. 2013; Ellis, Kelton, & Ramussen, 2014;
Rasmussen & Ellis, 2013; Toven-Lindsey et al., 2015) have also concluded that the instructional
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experience of Calculus I is the primary reason why students are discouraged to continue in the
Calculus course sequences.
Many studies have been devoted to investigating issues related to STEM student
persistence, or equivalently, STEM student retention. By analyzing 191 educational research
articles published between 1995 and 2008, Henderson, Beach, and Finkelstein (2011) identified
four categories of current research on STEM disciplines: disseminating curriculum and
pedagogy, developing reflective teachers, enacting policy, and developing shared vision; they
remarked research needs to be focus on these categories, and any progress made in regards to
these categories would benefit both student learning outcomes and student retention in STEM
fields.
The term “student retention”, or equivalently, “student persistence” has appeared in
many education journals. Students can persist in a major within a given university (persistence in
major), or a student can change majors but persist within a given university (persistence in
university), or a student can transfer to another institution but continue in the educational system
(persistence in education). Seymour and Hewitt (1997) defined the term “switcher” “to include
both leaving a declared S.M.E (STEM) major for a non-S.M.E (STEM) major, and declaring a
non-S.M.E (STEM) major, despite an original intention to enter an S.M.E (STEM) major”
(p.14); the term “persister” is defined to include all those non-switchers. Recently, Ellis, Kelton,
and Rasmussen (2014) defined more terms specific to a student’s STEM intention: a “persister”
is a student who declared and eventually graduated with a STEM major; a “switcher” is a student
who originally declared a STEM major but graduated with a non-STEM degree; a “converter” is
a student who did not declare a STEM major but did graduate with a STEM degree; a
“culminater” is a student who did not declare a STEM major and eventually did not graduate
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with a STEM degree. A broad definition of persistence is defined by falling within any of these
categories.
Numerous studies have focused on studying the factors related to student retention
(Tinto, 1975, 1997, 2004; Pascarella & Terenzini, 1980; Kuh et al., 2008). Tinto (2004) states
that “interaction across academic and social geography of a campus shape the educational
opportunity structure … and … both student learning and persistence” (p. 92). According to
Tinto’s framework of persistence (1975) and the persistence framework developed by Graham,
Frederick, Byars-Winston, Hunter, and Handelsman (2013), satisfaction in the integration of
social and academic life on a campus including the classroom environment has a significant
impact on persistence. In other words, these two frameworks both asserted that persistence will
naturally occur when a student’s academic and social norms are greatly satisfied by interacting
with academic and social norms provided by the department and broader institution. Tinto (2004)
highlights that this satisfaction is critically important to students during freshman year, because
this is the time when their “membership in the communities of the campus is so tenuous” (p. 3).
Therefore, their persistence is influenced by student-level and institutional-level factors or a
combination of both. Correspondingly, there is a mix of individual and institutional reasons that
explain persistence. The factors at the institutional level do not impact as directly as those at the
student-level the overall (i.e. all the course and programs) student persistence at an institution.
Researchers in higher education have explored institutional-level persistence since the
1970s. Tinto’s (1975) interactionist theory and Bean’s (1980) student attrition model both argued
that a student’s experience within an institution has a positive influence on persistence. They, as
well as many others (Lau, 2003; Jensen, 2011) claimed that an overall positive satisfaction with
an institution may keep student retention high. Tinto (1993) and Graham, et al. (2013)
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emphasized the importance of social and academic integration on persistence. According to
Tinto (1975), persistence occurs when students are socially and academically integrated in the
institution; student persistence is viewed as a function of the dynamic relationship between the
student and other actors within the institutional environment, including the classroom
environment. Tinto (1975) asserts that the more a student’s experiences serve to integrate the
student socially and intellectually into the life of the institution, the more likely the student is to
persist. Astin (1993) contends that the student normative (Ethington, 2000) context of an
institution, defined as peer group perceptions and attitudes within the institution, have an
influence on student persistence. Specifically, he discussed how institutional characteristics such
as popularity, a positive faculty environment, and freedom of curricular choices impact student
retention. Studies (Astin, 1997; Dey, 1990; Kamens, 1971) have made an effort to examine the
influence of differences between institutions on persistence. Kim, Rhoades, and Woodard
(2003), Marcus (1989), Saupe, Smith, and Xin (1999), and Sjoberg (1999) found that a high
institutional reputation, a high standard of selecting students and the size of the student
population positively influenced persistence. Kamens (1971) found the ratio of students to
instructors plays a role on student persistence. For instance, a lower student-teacher ratio
encourages students to continue their education, because students believe that they would have
more opportunities to gain support from instructors. Thomas and Bean (1988) found that
institutional expenditures influence persistence; they asserted that higher expenditures on student
financial aid may help improve the retention of students directly in STEM programs.
Compared to institutional-level factors, individual-level (student level) factors that affect
persistence have received more attention in recent educational research. For example, in their
book, Talking about Leaving: Why Undergraduates Leave the Sciences, Seymour and Hewitt
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(1997) categorized these factors into 5 categories: (1) choice, preparation, and leaving STEM, (2)
the learning experience in STEM major, (3) issues of gender, (4) career and lifestyle, time and
money, and (5) issues of race and ethnicity. These five categories cover most of the topics in
recent research on student persistence in STEM courses and programs.
5.2.1 Choice, Preparation, & Leaving
Many studies have shown that students’ reasons for choosing a STEM major and
students’ preparation have an indirect effect on persistence (Bressoud, Carlson, Mesa, &
Rasmussen, 2013; Ellis, Kelton, & Rasmussen, 2014; Seymour & Hewitt, 1997; Tinto, 2006;
Brow et al. 2008). In the “choice model” of Social Cognitive Career Theory (SCCT) developed
by Lent, Brown, and Hackett (1994), how people choose a career is related to persistence. By
using the SCCT choice model, Lent et al. (2003) showed that perceived contextual supports
(such as peer approval, access to the scholarship funding) and barriers (such as family
disapproval, financial concern) on the choice-making affect engineering students’ persistence in
an engineering major. Seymour and Hewitt (1997) and Hunter, et al. (2016) summarized some
reasons and motivations for initially entering a STEM major: the active influence of others,
intrinsic interest, altruism, materialism and pragmatism, and gender differences. Many switchers,
especially female switchers, initially chose to major in STEM based on the active influence of
others such as friends, parents, and high school advisors, and consequently, they have a higher
likelihood to switch out (Lent et al. 2005). Seymour and Hewitt (1997) and Elkins, Braxton, and
James (2000) identified different groups of switchers based upon the reasons of choosing a
STEM major. They found that some switchers entered a STEM major because of an intrinsic
interest in the discipline or a leading career fields. They also identified a group of switchers who
entered a STEM major because of a commitment to a wider social purpose such as promotion of
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peace, protection of the environment, etc. The third one they identified is the group of switchers
who chose a STEM major due to a desired level of remuneration and prestigious career paths.
The above-mentioned switchers likely do not understand what is entailed in choosing a STEM
major or what they can do with these majors, meaning that they do not have a clear self-identity
in respect to the means of STEM. Consequently, once they encountered some “natural ‘hardness’
of sciences” (Seymour & Hewitt, 1997, p. 88), they are more likely to switch out of a STEM
major due to a lower commitment.
Students’ preparation is another factor that impacts persistence, even though this is not a
major factor cited by switchers in their decision to switch out and the direction of the impact of
preparation depends on the type of preparation. Tinto (2006) indicated there is not a direct
relationship between college retention outcomes and academic aptitude (general cognitive ability
and high school performance). Brown et al. (2008) also showed that the students’ preparation
(using high school GPA as factor) does not directly affect students’ retention, rather self-efficacy
beliefs and goals are much more related to persistence.
Ellis, Kelton, and Rasmussen (2014) found that a “student who took no Calculus in high
school or AP Calculus BC are least likely to switch out of STEM intention and students who
took non-AP calculus in high school are the most likely to switch” (p. 10). Most of the switchers
believed they were well prepared for a STEM major. In summary switchers made their choice to
leave STEM not based on reasons directly connected with the nature of the academic work
entailed in the majors they chose. This is a notable difference between switchers and persisters.
5.2.2 Learning Experiences and Teaching in STEM majors
The most significant factors that impact persistence are learning experiences (Seymour &
Hewitt, 1997; Hunter, Thiry, Holland, Harper, & Seymour, 2016). They summarized factors that
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contribute to students’ learning experiences in the context of STEM majors including the
‘hardness’ of science, significance of grades, competitive culture, weed-out tradition,
unsupportive culture, teaching and learning, and loss of interest and the appeal of other majors.
Among these factors, the learning experiences related to teaching is the one that has been mostly
focused and studied (Sonnert, Sadler, Sadler, & Bressoud, 2015; Ellis, Kelton, & Rasmussen,
2014; Soldner, Rowan-Kenyon, Inkelas, Garvey, & Robbins, 2012). This is not to say other
factors are not important, just that many conducted studies (based on the literatures I found) that
investigate student attrition have not considered them significantly since students who switch out
STEM field have not cited them as significant reasons.
Seymour and Hewitt (1997) categorized and ranked the reasons that students indicated
for switching out of STEM majors related to learning experiences, and unsatisfactory experience
with poor teaching is ranked the highest. The results showed that 90% of students who switch
out said they switched out because of a concern about the poor quality of teaching including the
absence of faculty-student interaction, lack of preparation and organization on the part of the
instructor and dryness of presentations.
In one study, Atadero, Rambo-Hernandez, and Balgopal (2015) found a positive
relationship between engineering students’ intention to persist and content knowledge
demonstrated by an instructor in a classroom. In addition, the National Science Board (2007)
noted a heavy emphasis on fundamental mathematics and science courses at the beginning of
engineering programs; and as a consequence, this emphasis leads to student attrition from
engineering. Reforms have been aimed at improving the skills and qualities that engineering
graduates need (National Research Council [NRC], 1995; National Academy of Engineering
[NAE], 2004, 2005) with an ultimate goal of improving persistence. One popular method is
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project based learning (PBL) which has been shown to have a positive effect on engineering
students’ persistence (Graham, 2010; Kolmos & Graaff, 2014; Litzler & Young, 2012; Atadero,
Rambo-Hernandez, & Balgopal, 2015).
In a study on college calculus students’ attitude toward mathematics, Sonnert et al.
(2015) performed an analysis of the factors of “good teaching” and “ambitious teaching.” The
results show that instructors’ teaching affects students’ mathematics attitude; specifically, they
found that
“instructors who employ generally accepted ‘good teaching’ practices (e.g. clarity in
presentation and answering questions, useful homework, fair exams, help outside of class)
are found to have the most positive impact [in students’ learning] particularly with students
who began with a weaker initial attitude….‘Ambitious teaching’ (e.g. group work, word
problems, ‘flipped’ reading, student explanations of thinking) has a small negative impact on
student attitudes, while being a relatively more constructive influence only on students who
already enjoyed a positive attitude toward mathematics and in classrooms with a large
number of students.” (p. 1).
A notable number of switchers also experienced an un-supportive learning environment where
instructors are hard to approach with an unwillingness to provide assistance on learning and give
a weed-out talk at the very beginning of the course (Seymour & Hewitt, 1997; Hunter, Thiry,
Holland, Harer, & Seymour, 2016). Both switchers and persisters specifically criticized the
instructor’s pedagogical techniques of teaching. The most common ones are poor preparation of
the lecture, a lack of sequencing or coherence on material, and little attempt on checking
students’ understanding (Seymour & Hewitt, 1997; Hunter, Thiry, Holland, Harer, & Seymour,
2016).
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Ellis, Kelton, and Rasmussen (2014) specifically analyzed the difference between
students’ and instructors’ perception of instructors’ pedagogical activities in teaching Calculus I,
and concluded that the instructor’s pedagogy is the main factor impacting students’ persistence
in Calculus I. Students indicated that instructors did not display an understanding of the
relationship between the amount of material to teach/learn and the constraint of time allotted to
do so. According to Johnson, Ellis, and Rasmussen (2015), how instructors and student
experience time constraints for teaching/learning a given amount of material is related to student
persistence in STEM.
5.2.3 Issues of Gender
The interaction of gender and persistence is another factor that has been greatly studied
(Ellis, Fosdick, & Rasmussen, 2015; Fennema & Sherman, 1976; Graham, Frederic, ByarsWinstron, Hunter, & Handelsman, 2013; Griffith, 2010; Wolniak, Mayhew, & Engberg, 2012).
Many education researchers have been interested in identifying and articulating factors that
explain the disparity in gender representation and persistence in STEM (Fennema & Sherman,
1976; Griffith, 2010; Good, Rattan, & Dweck, 2012). Women are seen as minor participants in
the STEM major (Seymour & Hewitt, 1997; Griffith, 2010; Ellis, Fosdick, & Rasmussen, 2015;
Good, Rattan, & Dweck, 2012). There are fewer women than men pursuing education in STEM
fields in college; and among those that do, a larger percentage choose to leave (NSF, 2007). The
picture of women’s participation in STEM is very puzzling. There is consistent evidence that
women in STEM majors have higher GPAs than men (Islam & Al-Ghassani, 2015; Lindberg,
Hyde, & Peterson, 2012), and the same has been found specifically in mathematics classes, both
anecdotally and quantitatively (Burroughs & Deshler, 2013; Deshler & LaClair, in preparation).
However, the persistence rate in national samples of STEM majors for women is far lower than

29

that of men’s (Stenta, Elliott, Matier, Scott, & Adair,1990; Bressoud, Mesa, & Rasmussen,
2015). Such a picture attracts much attention from education researchers. Before the 1970s,
female student persistence was almost entirely caused by gender discrimination; women were
denied entrance to STEM fields (Anderson, 1995). Since the 1970s, women have gained access
to many STEM fields, but there are still many qualified women choosing to leave science (NSF,
2007; Seymour & Hewitt, 1997). Education researchers have identified many factors to explain
the lower persistence rate of female students. Socializers, including teachers, parents, and
guidance counselors, have played a negative role in young women’s decisions of career; they are
often less supportive to women interested in STEM (Seymour & Hewitt, 1997; Farmer, 1997).
Classroom observations have shown that STEM teachers tend to be less supportive by providing
fewer opportunities for learning and less praise to female students (Sadker, Sadker, & Zittleman,
2009). As a consequence, women suffer from lack of practice and the prevailing cultural
attitudes and are put at a greater disadvantage in college (Carlone, 2004).
Women in STEM often feel that they are isolated, experiencing the ‘chilly climate’
(Shakeshaft, 1995; Griffith, 2010), a general feeling of decrease in interest, aspirations,
participation, etc., in STEM fields. Good, Rattan, and Dweck (2012) found that students’
persistence can be affected by a sense of belonging, and women tend to have a reduced sense of
belonging due to their own fixed intelligence mindset coupled with gender stereotyping in the
classroom. This has been cited as a major reason for females to leave STEM (Seymour & Hewitt,
1997; Shakeshaft, 1995). Researchers have shown that the presence of certain environmental
factors, such as the representation of females and minorities in graduate programs, can increase
the rate of female students’ participation and success in STEM (Griffith, 2010). Other factors
such as a weed-out system (an instructor giving a discouraging speech at the beginning of class
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to push some students out) and a difference in perception of grades (how a student evaluates the
meaning of his/her grades) (Seymour & Hewitt, 1997; Farmer, 1997) play a significant role in
female student persistence in STEM fields.
Specific to Calculus I, Ellis, Fosdick, and Rasmussen (2015) identified a remarkable
relationship between gender, switching, and mathematical confidence. They found that female
students have a significantly lower level of desire to take Calculus II after taking Calculus I,
because they “do not believe [they] understand the ideas of Calculus I well enough to take
Calculus II”. They suggest the differences in confidence as a possible factor explaining the
lower rate of persistence among female students in STEM. Ellis and Cooper (2016) also found
that unfriendly teaching practices (such as teachers not being personable) can increase the chance
of a female student having a fixed intelligence mindset, resulting in a decreased desire to persist
in STEM.
5.2.4 Career Interest and Lifestyle, Time and Money
Seymour and Hewitt (1997) emphasized that students’ concerns about future career and
lifestyle with a STEM major and the amount of time and money spent on a STEM major is
another factor contributing to a student’s decision about persistence in a STEM major. In a study,
Valentino, Moller, Stearns, and Mickelson (2015) found that a concern for the potential
inflexibility of one’s future career is associated with a decreased likelihood of majoring in the
“hard” STEM fields (physical sciences, engineering, and mathematics). In the “interest model”
of SCCT (Lent et al. 1994) they indicated that how people developed their career interest and
educational interest is related to persistence. Just like me, readers might never have thought that
the length of completing a STEM major could be a factor influencing STEM departure. Some
switchers left the STEM field and switched to an MBA program, which only (usually) requires 2
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years to complete, because they think an earlier graduation from college would allow them to
make more money by starting their career earlier (Shapiro & Sax, 2011).
With respect to future career and lifestyle after completion of a STEM degree, many
switchers indicated their original major “to be unfulfilling, to lack worthwhile purpose, and to
limit the possibility of full participation in family and social life” (Seymour & Hewitt, 1997, p.
228). Seymour and Hewitt (1997) and Xie, Fang, and Shamuman (2015) pointed out that some
switchers, especially female switchers, believe it is hard to achieve a satisfying career and
lifestyle within STEM fields, because they have heard stereotypes from others about the work
contexts one could expect in professional science and engineering jobs, and about the kind of
person one must become to do them. Consequently, they are scared and discouraged to continue
in STEM fields. There is available financial aid to support education, but there is also a declining
public and family financial support system available for undergraduate education as pointed out
by Mortensen (1995) and National Center for Education Statistics (2013). As a consequence,
universities and colleges have sought to cover this loss by increasing tuition and fees. This
increase has put a burden on students (and students’ family), and then consequently pushed out
some students from a STEM field (Seymour & Hewitt, 1997; Eagan, Hurtado, & Chang, 2010).
5.2.5 Issues of Race
Another important factor impacting student’s retention comprises issues of race. Studies
have shown that the loss rate of students of color in STEM is the highest. In a study of national
data for the 1980s, Morrison and Williams (1993) indicated that 35.6% of students of color
entering engineering programs completed degrees in that field, compared with 68.4% for white
students. The situation is no better in the sciences. As stated by Seymour (2002), “sixty-five
percent of students of color entering science or mathematics left their major, compared with 37%

32

of white students” (p.80). Over the past 20 years, considerable efforts have been put into the
recruitment and retention of students of color in the sciences. The enrollment of students of color
in STEM fields has increased dramatically (Astin, 1993; PCAST, 2012) in recent years.
However, the outcome in terms of retention for students of color is very discouraging: attrition
rates remain unchanged (Brown, 1994; Science, 1992; PCAST, 2012; Sithole, Chiyaka,
McCarthy, Mupinga, Bucklein, & Kibirige, 2017; NSF, 2014) and losses of these students are
the greatest (Ware, Steckler, & Leserman, 1985; Tinto, 1993; Sithole, Chiyaka, McCarthy,
Mupinga, Bucklein, & Kibirige, 2017).
Explanations for the failure of students of color to remain in STEM majors are somewhat
patchy, and the relative importance of factors is unclear; however, most of the explanations
emerged from a presumption of racial and ethnic difference in individual motivation (Seymour &
Hewitt, 1997; Good, Rattan, & Dweck, 2012). For example, Treisman (1992) asked over 1,000
STEM faculty members to explain why they thought students of color were at greater risk of
leaving their majors than white students. The most frequent of the theories that emerged posited
‘a motivation gap’ between white and Asian-American students, and students of color—who
were assumed to be less motivated. By comparing the reasons for switching out between students
of color and white students, Seymour and Hewitt (1997) and others (Chang, Sharkness, Hurtado,
& Newman, 2014; Higher Education Research Institute, 2010) found that students of color are
more likely switch out of STEM for the following reasons: initially unthoughtful reasons for
their choice of a STEM major (34% compared with 6.1%), conceptual difficulty with one or
more STEM subject(s) (30.8% compared with 5.3%) and inadequate high school preparation in
basic subjects and study skills (25% compared with 10.7%). By contrast, white students more
commonly cited the following as factors in their switching decisions: lack or loss of interest in
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their STEM major (48.9% compared with 28.9%), poor teaching by STEM faculty (42%
compared with 21.2%) and curriculum overload and fast pace (41.2% compared with 19.2%).
As mentioned earlier, an inappropriate choice of a STEM major is a factor that prompts
students to switch out and this is especially true for students of color (Seymour & Hewitt, 1997;
Espinosa, 2011). Some students of color were misguided when choosing a STEM major during
recruitment and had insufficient interest, preparation or understanding; some black students had
been actively recruited and offered scholarships, and these were powerful inducements, even for
students who were unsure about what this choice would require. Families and communities also
played a significant role in encouraging students of color to make choices that reflected social
rather than personal career goals (Seymour & Hewitt, 1997). For example, many students of
color were encouraged to choose a particular STEM major by families and schools because of
job security; many Hispanic students chose an engineering major because this major was seen in
their community as synonymous with success and Asian-American students choose a major to
respect their parents’ wishes and a strong desire to realize them.
Inadequate high school preparation is another reason why many students of color chose
to leave STEM fields (Seymour & Hewitt, 1997; Treisman, 1992). As Treisman’s (1992) survey
indicated, many STEM faculty members perceived non-Asian students of color as insufficiently
prepared for college-level STEM work, and this impression was confirmed by those students of
color who started to believe that they were much less prepared than many white peers soon after
entry to their first STEM classes. Some students of color believed they were too deficient in
science and mathematics preparation to do well in college, so they left STEM fields before
learning whether or not they could actually have surmounted their difficulties. Some students of
color found they were over-confident after entering a STEM major in college due to an
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inadequate academic preparation or an inflated view of their readiness to undertake the level of
work required (Bressoud, Carlson, Mesa, & Rasmussen, 2013).
There are unique problems which cause the loss of students of color that are not generally
shared by white males. These problems are derived “from conflicts between cultural values,
family roles, educational socialization, community obligations and career expectations on the
one hand, and the values and demands of college science and engineering on the other”
(Seymour & Hewitt, 1997, p. 388). For instance, Asian-American, Native American and
Hispanic students are less likely to question grades, because to do so over a personal
achievement is not a respectful action towards elders and black students from inner-city areas
have different attitudes about what it means to be a black STEM major from black students from
upwardly-mobile black professional families (Seymour & Hewitt, 1997). Some students of
color’s educational motivation were highly reliant upon their relationship with particular
teachers, so they have not learned to use a peer study group. In other words, some of them
received an intensified supportive learning experience from particular teachers during their
previous study (for example, in high school), so they did not have or had very little learning
experience with peers because they did not have the opportunity to do so. As a result, when they
entered a university where they most likely will not have such supports from teachers, their
response to the first experiences of objective grading in a STEM class are unfair and
discriminatory (Seymour & Hewitt, 1997). There are many other examples for those conflicts,
and those conflicts can have negative consequences for the success of students of color in STEM
majors.
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5.3 Student’s attitudes and beliefs
In order to have a complete picture of student success in calculus, we must examine
students’ attitudes and beliefs toward mathematics, including confidence and enjoyment, because
much of the research literatures have conclusively shown that students’ beliefs and attitudes
toward mathematics are strongly correlated with achievement in mathematics classes and
students’ (STEM) persistence (Pajares & Miller, 1995; Carlson, 1999; Schommer-Aikins, Duell,
& Hutter, 2005; Tinto, 1975, 1997, 2004; Grahma, Frederick, Byars-Winston, & Hunter, 2013;
Stolle-McAllister, Domingo, & Carriollo, 2011; Matsui, Liu, & Kane, 2003; Summers &
Hrabowski, 2014; McLeod, 1992; Cobb, 1986). These literatures overwhelmingly showed the
important role of students’ beliefs and attitudes towards mathematics on performance and
achievement in the study of mathematics as well as on student persistence.
According to Leder and Forgasz (2002), there is not a solid or common definition of
‘belief’ or ‘attitude’ since these terms “are not directly observable and have to be inferred, and
because of their overlapping nature” (p.96). Other researchers hold that it is neither possible nor
necessary to unify these different concepts of attitude and belief since different research
problems can require different definitions (Hannula, 2012; Lewis, 2013). Despite the lack of
agreement about the definitions of attitude and belief, there are several widely accepted
definitions. In this study, I adopt the structure formulated by Fenneman and Sherman (1976), and
the definition of attitude and belief, specifically including enjoyment and confidence, in their
work. Fenneman and Sherman (1976) formulated the definition of attitude(s) towards
mathematics as the positive or negative emotional disposition toward mathematics, and the
definition of belief(s) towards mathematics as one’s psychological acceptance of the truth and
value of mathematics and learning of mathematics including the usefulness, relevance and worth
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of mathematics in their life now and in the future. With these definitions, enjoyment refers to the
degree to which students enjoy working mathematics and mathematics classes, and confidence
refers to students’ confidence and self-concept of their performance in mathematics. Structurally,
I note that within psychological studies (Main, 2004), the notion of beliefs and values are
considered precursors to attitude and that it is the latter that constitutes a predisposition to action.
The definitions of Fenneman and Sherman align with this structure in the sense that a student’s
beliefs about mathematics will inform their attitudes by contributing to the positive or negative
emotional framework for engaging in mathematical practice.
Pajares and Miller (1995) collected 391 students’ responses to various types of selfefficacy judgments, and then students were asked to solve the problems that students had been
assessed with their self-confidence. Authors found that self-efficacy and self-confidence were
strongly correlated with student’s success in problem-solving. By investigating student’s beliefs
and behaviors using the Views About Mathematics Survey (VAMS), Carlson (1999) proved that
students who succeed in mathematics displayed high levels of enjoyment (and persistence) of
mathematics. Carlson, Buskirk, and Halloun (1998) also studied undergraduate mathematics
students’ beliefs by using the VAMS, and concluded that a student’s achievement is significantly
correlated with self-confidence and expert-like mathematical beliefs, and students who
experienced a high level of self-confidence were much more likely to track their study of
mathematics. Schommer-Aikins et al. (2005) investigated 1269 middle-school students’
epistemological and problem-solving beliefs and administered a test of mathematical problemsolving ability. The results showed that a student, who had a stronger belief in the usefulness of
mathematics and lesser belief in “quick/fixed” learning of mathematics actually performed better
in problem solving and conveyed mathematical ideas more efficiently. In addition, they also
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suggested that beliefs are a good prediction of overall GPA in mathematics. Their findings are
consistent with other prior works (Schommer, Calvert, Gariglietti, & Bajaj, 1997), which
illustrated that a belief in quick learning has a negative correlation with academic performance.
Hembree (1990) and Ashcraft and Krause (2007) studied the role of anxiety in
developmental mathematics students’ course achievement. They argued that anxiety in particular
interacts strongly with mathematics performance by inhibiting working memory and creating a
cycle of difficulty for students. This cycle can be especially damaging to students in
developmental courses due to the challenge already presented by the students’ backgrounds.
Also, as argued by Goldin (2004), nervousness and anxiety can trigger the activation of
psychological defenses, which can weaken students’ reaction of curiosity and a sense of interest
in mathematical problems. He suggested that the use of problems should be appropriately placed
to help students develop appropriate responses to feelings of frustration and impasse, so that
student would gain exploratory behaviors.
Beliefs and attitudes are believed to have a significant impact on problem-solving
behavior. Schoenfeld (1992) argued that many students believed that mathematics problems are
straightforward applications of an algorithm. As a result, when asked how many buses were
needed to transport a certain number of people, many students would provide an answer like “31
remainder 12” (p.71). In the process of developing their multidimensional problem-solving
framework, which consists four phases – orientation, planning, executing, and checking, Carlson
and Bloom (2005) revealed the importance of beliefs and attitudes, such as strong curiosity and
high interest, feelings of intimacy, ownership of the problem, beliefs about the nature of
mathematics, feelings of mathematical integrity and confidence in their mathematical abilities.
These beliefs and attitudes were integrated together to affect problem-solving behaviors.

38

Therefore, researchers (Carlson & Bloom, 2005; Carlson, Bloom, & Glick, 2008) have
recommended that teachers should provide explicit scaffolding and attention to help students
develop productive mathematical beliefs. Particularly, they thought that teachers have
responsibilities to help students manage emotions that occur during problem solving, arguing
that “students should adopt the belief that frustration, disappointment, and elation are all natural
responses to the problem solving process” (p. 286).
According to the persistence frameworks developed by Graham, et al. (2013) and Tinto
(1975, 1997, 2004), attitudes and beliefs are critical requirements for STEM persistence. They
argue that confidence and motivation are important factors associated with student persistence of
STEM major. Indeed, researchers have revealed that attitudes and beliefs play a very important
role in student persistence (Grahma, et al., 2013; Stolle-McAllister, Domingo, & Carriollo, 2011;
Matsui, Liu, & Kane, 2003; Summers & Hrabowski, 2014; McLeod, 1992; Cobb, 1986).
Specifically, many of these results show that non-cognitive factors such as motivation, interest,
confidence, and beliefs are potentially important to STEM attrition (Burtner, 2005; Chang,
Eagan, Lin, & Hurtado, 2011; Espinosa 2011; Price, 2010; Seymour & Hewitt 1997; Schoenfeld,
1989).
In order to accurately assess students’ beliefs and attitudes, various instruments have
been developed to examine dimensions of the affective domain in mathematics. In addition to the
VAMS described above (Carlson, Buskirk, & Halloun, 1998), the Abbreviated Mathematics
Anxiety Rating Scale (AMARS) originated from Richardson and Suinn’s Mathematics Anxiety
Rating Scale (MARS) (1972) and was developed and validated by Alexander and Martray (1989)
to diagnose and help treat mathematics anxiety. The Fennema-Sherman Mathematics Attitude
Scales instrument (Fennema & Sherman, 1976) was designed to gather information about
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learning of mathematics regarding gender; it is also used to determine factors that influence the
decision to take mathematics courses beyond the required minimum.
The studies cited above conclusively proved the important role of attitudes and beliefs in
student development in mathematics, because of their strong correlation with achievement and
influence on behavior and on students’ persistence. Further, as demonstrated by Sonnert et al.
(2015), the teaching and classroom structure are also very influential to students’ beliefs and
attitudes. Thus, as researchers and teachers, we have the responsibility to find and document
teaching strategies that will positively develop and improve students’ beliefs, and then
disseminate the most productive approach to be used in classroom. I hope my study will
contribute to the literature by investigating the effect of the three versions of teaching on student
attitudes and beliefs toward mathematics, as well as performance and persistence.
Theoretical Perspectives
By focusing on student retention, Tinto (1975, 1997, 2002) developed a theoretical model
of student dropout from higher education – an integration model of persistence (Figure 1). In the
model, he suggested that student retention is not a random phenomenon, but it can be predicted.
He distinguished several categories of dropouts: involuntary, voluntary, transfer or temporary,
and permanent. The involuntary dropout refers to the dropouts resulting from academic failures.
The voluntary dropout results from other factors such as a low initial level of goal commitment.
The transfer or temporary dropouts was used to group the students who dropped out from higher
education because they are in a transition for re-entrance such as a transfer to another university.
The permanent dropout category was defined to organize those who decide to drop out from
higher education and not return. In his integration model of persistence, Tinto argued that
students’ level of commitment to an institute was affected by their experiences in both the
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academic and social systems of the institute, and these commitments are essential and direct
predictors of student retention. He also concluded that “choices of curriculum structure…and
pedagogy invariably shape both learning and persistence of campus.” (Tinto, 1997, p. 620). Tinto
(2004) states that “interaction across academic and social geography of a campus shape the
educational opportunity structure … persistence, a satisfaction in the integration of social and
academic life on a campus including class environment has a significant impact on persistence.
In other words, persistence will naturally occur when a student’s academic and social norms are
greatly satisfied by … both student learning and persistence” (p. 92). He highlights that this
match is critically important to students during the freshman year because this is when their
“membership in the communities of the campus is so tenuous” (Tinto, 2004, p. 3). In the United
States, most students, especially STEM intending students, take Calculus I during the first year
in college. Thus, the experiences they are exposed to in calculus will play a role in a student’s
decision to persist in their intended majors.

Figure 1. Tinto’s integration model of persistence (Tinto, 1975, p. 42)
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For Yackel and Cobb (1996), students’ mathematical learning at the classroom level
occurs in the social context of the classroom. They noted an equal emphasis on psychological
and social processes for students’ learning. They believed that “mathematical learning is both a
process of active individual construction and a process of acculturation into the mathematical
practices of a wider society” (p. 460). This point of view is often referred to as the emergent
perspective (Cobb & Yackel, 1996). This perspective coordinates between constructivist
accounts of individual psychological development and sociocultural accounts of growing
participation in communities of practice. They suggest that the students’ development at the
classroom level is aligned with a lens of a social-constructivist perspective, which claims that the
individual’s development was stimulated and interacted with in a social context (Ernest, 1999).
Cobb and Yackel (1996) state that there is an existence of a reflexive relationship between
classroom social cultures and students’ development, and such reflexive relationships assume
that “neither an individual student’s mathematical reasoning nor the classroom microculture can
be adequately accounted for without considering the other” (Cobb & Bauersfeld, 1995, p. 9-10).
Thus, students’ individual knowledge is developed and influenced by the classroom microculture
including classroom activities and teaching pedagogies. Moreover, according to Cobb and
Yackel’s (1996) framework of emergent perspective, what becomes mathematically normative in
a classroom is enabled and constrained by the students’ changing mathematical beliefs and
values. At the same time, these beliefs and values are themselves influenced by what is
legitimized as acceptable mathematical activity. Therefore, the perspective is valuable for
supporting an account of the reflexive development of student beliefs and attitudes and
classroom norms in a following manner: student beliefs and attitudes towards mathematics are
developed in the context of a classroom community where social norms and social mathematical
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norms (Yackel & Cobb, 1996) stimulate and organize the pattern of interactions; student beliefs
and attitudes towards mathematics are thus influenced by those norms; on the other hand,
students and teacher, who are together forming the classroom community, negotiated on these
norms; and since student beliefs and attitudes influence the interaction in the classroom
community as well as make a contribution to the classroom community. Therefore, student
beliefs and attitudes are important in the process of negotiating classroom norms. The above
conceptual perspectives guided me to decide the types of data to collect, which are related to
students’ persistence and student beliefs and attitudes. The integration framework of persistence
and the emergent perspectives thus will be embedded in all three groups of research questions.
Research Questions
My study will involve three sets of data. One I will call the “replicated CSPCC data”,
since the data was collected by using the same instruments employed in the CSPCC study and
one I will call “EAGER data” since the data was collected by using the instruments used in an
NSF-funded study (under an EAGER proposal) occurring in the WVU Department of
Mathematics to investigate affective traits of developmental mathematics students. I replicated
this work in the context of Calculus. The third data set I will call “National data”, which are the
summarized and published data drawn from CSPCC study. With these three sets of data, I would
like to answer following three groups of research questions:
1a) Do different learning experiences in Calculus I influence students’ attitudes and beliefs
differently? 1b) Are there similarities and/or differences in students’ attitudes and beliefs toward
mathematics across the different versions of Calculus I offered at the local institution and 1c)
how does the local data compare to the national data?
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I will use the replicated CSPCC data and National Data to answer these questions. I plan
to use both quantitative and qualitative analyses. Specifically, I would like to find out if there
exist differences and similarities among students’ attitudes and beliefs toward mathematics in the
different courses and investigate the factors that affect these differences. I hypothesize that
students in the different Calculus I classes will engage in their class initially with similar
attitudes and beliefs, but they will diverge, perhaps significantly, after one semester of Calculus I
learning experiences. I also hypothesize that our results will differ from national results.
2a) Is Calculus I students’ STEM persistence predicted by students’ attitudes & beliefs or
perception of pedagogies? 2b) Is this relationship between persistence and students’ attitudes and
beliefs or perception of pedagogies moderated by the different structures of the Calculus I
course?
I will use the replicated CSPCC data to answer these questions. I will examine how
students think about the instructor’s teaching pedagogies adopted in a classroom. This will be a
mix of quantitative and qualitative analyses. Specifically, I want to investigate if students have
different perceptions of teaching pedagogies in the different classes and whether these
differences play a role in students’ intention in STEM major. I hypothesize that students in
different Calculus I classes will perceive and value various teaching pedagogies differently,
especially between STEM intending and Non-STEM intending students. As a consequence,
students may be impacted either positively or negatively in their attitudes and beliefs by
instructor practices that will in turn affect their STEM intention. To answer this question, I will
specifically compare student responses to questions about different teaching pedagogies, such as
“good teaching” pedagogies and “progressive (ambitious) teaching” pedagogies (Sonnert et al.,
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2015). The data will come from pre- and post-surveys given to students to examine any changes
present.
3a) Are there differences in a student’s level of decisiveness with which they chose their majors
and their reasons for changing majors and/or careers (if applicable) across the different versions
of Calculus I at the local institution? 3b) How are these differences associated with STEM
persistence?
I will use the EAGER dataset to address these questions. I will explore and analyze
students’ reasons for leaving STEM other than by looking at their classroom-level learning
experiences. Even though, the learning experience is stated as the primary reason for leaving the
STEM fields/majors (as well as leaving in general), other factors also could play an important
role in student decision-making. Specifically, I would like to explore students’ reasons for why
they choose to leave a STEM major from a point view of students’ STEM-belonging, students’
personality and anxiety, students’ decisiveness in choosing a major, and students’ self-esteem
and STEM identity. I hypothesize that these factors are strongly associated with students’
decisions to either leave or persist in a declared (STEM) major. To answer this question, I will
analyze the data collected through the five surveys employed in the EAGER project that
investigate: STEM belonging, personality, anxiety, self-esteem and STEM identity, and career
decision.

45

Chapter 2. Methodology
Survey Instrument
The instruments for the data collection were 11 surveys. Five of them are directly
borrowed from the CSPCC (section 1.3) team, and six of them are borrowed from a collection of
literature. I administered the same five surveys (Appendix 1) that were used in CSPCC study:
two for students (pre and post), two for instructors (pre and post), and one for course
coordinators. In two student surveys, questions were asked related to students’ demographics
(only in pre) including academic and social backgrounds, gender, race, etc., students’ attitudes
and beliefs toward mathematics (both in pre and post), intention to take Calculus II (both in pre
and post), and perceptions of teaching pedagogies (only in post). The other six surveys asked
questions related to students’ demographics, level of course anxiety, exam anxiety and study
anxiety, student’s sense of STEM belonging, students’ situated self-esteem, and strategies for
making major/career decisions.
Data Collection
The data collection consisted of three phases. The first phase was the acquisition of an
IRB protocol. With the help from my advisor, an IRB protocol application for my study was
submitted at the end of the spring semester of 2015. During the process of acquiring the protocol,
we determined the types of information we would like to collect, including student demographics
(such as gender, race/ethnicity, etc.), academic backgrounds (such as ACT score, SAT score,
etc.), major, grades, academic status, and so on. The protocol was approved at beginning of the
fall semester of 2015.
The second phase was to recruit participants for the study. During the construction of the
consent form (part of the IRB process), we cooperated with course coordinators to overcome
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several issues including the decision the dates and times for the consenting and the decision of
the types of incentives offered to students. The consenting process was started in the first week
of the fall semester of 2015 and ended in the second week. I consented 1051 students in person.
The distribution of consented students is shown below (Table 9).

Table 9. Distribution of consented students.
Course Title

Consented Students

153

318

155 ESP/ Honors

32

155 NE

260

155 E

441

Total

1051

Table 10. Distribution of replicated CSPCC data

a

Course

Pre-Student Pre-Instructor

Post-student

Post-Instructor

Coordinator

153

188

0

133

1

1

155 ESP/Honors

20

0

7

1

1

155 NE

216

2

108

6

1

155 E

311

2

366

4

1

Total

735

4

614

12a

4

one instructor was teaching both 155 NE and 155 E, so there were actually 11 instructors who

answered post survey.
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The third phase was the administration of surveys. The five CSPCC surveys were
constructed and distributed through the software platform “Qualtrics”. The pre-surveys for
students and instructors were administrated in the first week of the Fall semester of 2015; and the
post-surveys for students and instructors were administrated two weeks before the end of the
semester. The survey for the course coordinators was administrated in the first week of the Fall
semester of 2015. Data about survey administration and completion for each course is below
(Table 10).
The surveys for students were used to collect students’ demographics, high school
academic background and experiences. The main use of students’ surveys was to collect student
information in regard to variables of students’ beliefs and attitudes towards mathematics, which
include enjoyment, confidence, desire for more mathematics, and increased interest. The
students’ survey was to collect student information in regards to variables of students’ beliefs
and attitudes towards mathematic, which include enjoyment, confidence, desire for more
mathematics, and increased interest. The students’ intention to continue Calculus II as well as the
reasons for not continuing were also collected. Moreover, students’ perceptions of teaching
pedagogies were also collected.
The surveys for instructors were used to collect instructors’ attitudes and beliefs toward
teaching Calculus including teaching responsibilities, teaching philosophy, teaching instructions
and their thoughts about factors influencing students’ success.
The survey for course coordinators was used to collect information about the organization
of the course as well as the types of resources available to support students’ success.
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Related Projects - Data Collection
At the same time when I administered the surveys for replicating the CSPCC study, I also
administered seven other surveys for another project - the “EAGER project”, which is led by
another research team to collect Calculus I students’ data in respects to students’ anxiety,
personality traits, self-efficacy, STEM-belonging and the level of decisiveness of students and
their reasons for changing majors and/or careers. I intend to use some of these data to
supplement my study in a manner of explaining parts of causation. The collected data are shown
below (Table 11).

Table 11. Distribution of EAGER data.
STEM

Situated

Career

Career

Course Title

AMARS

BFI

Belonging

Self-Esteem

Post

Pre

153

181

177

154

142

127

202

155 ESP/Honors

13

12

9

6

5

14

155 NE

163

158

142

135

102

186

155 E

327

325

287

273

246

326

Total

684

672

592

556

480

728

Data Analysis
After collecting my data, I began to analyze my data by coding participants’ responses.
For open questions, I coded them according to a method called “open coding” (Strauss and
Corbin, 1998); following the method of “open coding”, I divided the data into smaller chunks,
studied each piece, drew conclusions, and used these conclusions to develop categories. For the
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Likert scale questions, I coded them with numerical values accordingly. For example, a 6-option
Likert scale questions with options “Strongly Disagree” to “Strongly Agree” was coded a
number ranging from 0 to 5. After coding my data, I started to analyze my data by using various
statistical methods with different statistical software such as SAS, JMP and R. I analyzed data
along following variables: students’ confidence, enjoyment, attitudes, beliefs, increased interest,
desire to continue studying mathematics, intention to continue in the Calculus sequence,
perception of instructional pedagogies, characteristics of students’ career/major decision making,
reason for switching career/major decision, and whether they would earn a final grade of C or
higher.
I began my analysis for the first research paper by performing exploratory statistical
analysis by using t-test and ANOVA test to compare students’ responses on confidence,
enjoyment, attitudes, beliefs, increased interest, desire to continue studying mathematics,
intention to continue and whether they would earn a final grade of C or higher from pre-survey
and post-survey, as well as to compare these local data to the national data. Afterward, in order
to distinguish the impact of student experience in these courses on response data from the
influence of underlying population characteristics, I compared response data related to
mathematical enjoyment and confidence to student backgrounds using standardized measures of
content knowledge and mathematical ability as evidenced by the mathematics portions of the
SAT or the ACT, the composite scores from institutional mathematics placement test, and
student high school GPA. To do this I first scaled each of these standardized proxy measures of
academic preparation (SAT/ACT mathematics and local placement) to a scaled score from 0 to
100 and took the highest scale score of the three for a given student to create a new variable as an
indicator of their academic preparation. Then, to mitigate the impact of the difference in the

50

scales of the different measures of academic preparation, I normalize this scaled placement score
and the high school GPA as institutionally reported to a range from 0 to 1. Finally, I normalize
the net change from the pre-survey and post-survey responses to the prompt ‘I enjoy
mathematics’ and ‘I am confident in my mathematical abilities’ to the same range of 0 to 1 and
compare the variation of this normalized placement score and the normalized high school GPA
to the variation of the change in responses to these two questions.
After the exploratory analysis in research paper one, I move further to analyze the
relationship between Calculus I students’ STEM persistence and students’ attitudes & beliefs or
perception of good teaching pedagogies and perception of progressive teaching pedagogies, as
well as to analyze the moderation effects of course structures these relationships in research
paper two. I chose to focus good teaching and progressive teaching since these two are the main
pedagogies used in Calculus I at research site, even though the CSPCC study categorized three
teaching pedagogies – good teaching, progressive teaching, and teaching with technology. I
considered students’ intention to continue in the Calculus sequence as the indictor of their STEM
persistence, and I choose this as the dependent variable (dichotomous), and mean score of
students’ attributes toward mathematics including beliefs, attitudes, confidence, enjoyment, and
students’ perceptions of pedagogies as independent variables. I first centered the independent
variables, it means that the average of each independent variable is 0. Then, I examined the
correlation matrix among all variables. Next, I ran the following six multiple logistic regression
models.
𝑝

Model A: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐵𝑒𝑙𝑖𝑒𝑓𝑠) + 𝛽2 (𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒) + 𝛽3 (𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒𝑠) +
𝑖

𝛽4 (𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡) + 𝑒𝑖
𝑝

Model B: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐺𝑜𝑜𝑑 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) + 𝛽2 (𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) + 𝑒𝑖
𝑖
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𝑝

Model C:ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐵𝑒𝑙𝑖𝑒𝑓𝑠) + 𝛽2 (𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒) + 𝛽3 (𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒𝑠) +
𝑖

𝛽4 (𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡) + 𝛽5 (𝐸) + 𝛽6 (1𝐴) + 𝑒𝑖
𝑝

Model D: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐺𝑜𝑜𝑑 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) + 𝛽2 (𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) +
𝑖

𝛽3 (𝐸) + 𝛽4 (1𝐴) + 𝑒𝑖
𝑝

Model E: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐵𝑒𝑙𝑖𝑒𝑓𝑠) + 𝛽2 (𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒) + 𝛽3 (𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒𝑠) +
𝑖

𝛽4 (𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡) + 𝛽5 (𝐸) + 𝛽6 (1𝐴) + 𝛽7 (𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒𝑠 ∗ 𝐸) + 𝛽8 (𝐵𝑒𝑙𝑖𝑒𝑓𝑠 ∗ 𝐸) +
𝛽9 (𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 ∗ 𝐸) + 𝛽10 (𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡 ∗ 𝐸) + 𝛽11 (𝐴𝑡𝑡𝑖𝑡𝑢𝑑𝑒𝑠 ∗ 1𝐴) +
𝛽12 (𝐵𝑒𝑙𝑖𝑒𝑓𝑠 ∗ 1𝐴) + 𝛽13 (𝐶𝑜𝑓𝑖𝑑𝑒𝑛𝑐𝑒 ∗ 1𝐴) + 𝛽14 (𝐸𝑛𝑗𝑜𝑦𝑚𝑒𝑛𝑡 ∗ 1𝐴) + 𝑒𝑖
𝑝

Model F: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 (𝐺𝑜𝑜𝑑 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) + 𝛽2 (𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔) + 𝛽3 (𝐸) +
𝑖

𝛽4 (1𝐴) + 𝛽5 (𝐺𝑜𝑜𝑑 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔 ∗ 𝐸) + 𝛽6 (𝐺𝑜𝑜𝑑 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔 ∗ 1𝐴) +
𝛽7 (𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔 ∗ 𝐸) + 𝛽8 (𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑇𝑒𝑎𝑐ℎ𝑖𝑛𝑔 ∗ 𝐸) + 𝑒𝑖
The model A is run to find the relationship between students STEM persistence and students’
attributes toward mathematics. The model B is run to exam the relationship between students
STEM persistence and students’ perceptions of pedagogies. After running model A and model B,
I created two dummy variables to represent student enrollment in 1A and E, then we run
moderation analysis by considering 1A and E as two moderators, and therefore NE is considered
the reference group. The model C and model D are run to examine the main effect of course
structures. The model E and the model F are run to investigate whether the relationship found in
the model A and B differ by course structures, meaning to find the moderation effect of course
structures.
In research paper three, which is a brief descriptive report on Calculus I students’ major
and career exploration via a case study, I provide some focused insights to understand some parts
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of the local STEM drop-out issue. I analyzed data by performing exploratory statistical analysis
by running multiple simple pre- and post-survey comparisons by employing t-test and ANOVA
test to compare students’ responses on characteristics of students’ career/major decision making
and reason for switching career/major decision.

53

Chapter 3. Dissertation Papers

Paper 1: The effects of different versions of a gateway STEM course on student attitudes
and beliefs

Abstract
Substantial research has been conducted focusing on student outcomes in mathematics
courses in order to better understand the ways in which these outcomes depend on the
underlying instructional methodologies found in the courses. From 2009 to 2014, the
Mathematical Association of America (MAA) studied Calculus I instruction in United
States (US) colleges and universities in the Characteristics of Successful Programs of
College Calculus (CSPCC) in order to understand the impact of these courses on student
experience. In this paper, we describe results from a close examination of the effect of
course structure on students’ attitudes and beliefs across different versions of Calculus I at
a large research university in the US. We implemented a local replication of a national
MAA study of calculus programs in part to identify potential relationships between various
course structures and changes in attitudes and beliefs during the course. We compare our
results both internally across these course structures and to the national data set. We find
changes measured in confidence or enjoyment show differences across different calculus
implementations but that these changes in affect do not co-vary with underlying measures
of student academic backgrounds such as high school GPA. This suggests that these
observed changes in attitudes and beliefs relate to the experience in our varied course
structures and not to the academic characteristics of students as they enter the course. In
addition to our findings, we show how this national study can be used locally to study
effects of course on student affective traits.
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Keywords: calculus, persistence, enjoyment, confidence
Introduction
From 2009 to 2014, a project led under the auspices of the Mathematical Association of
America (MAA) investigated Calculus I instruction in United States (US) colleges and
universities under the title Characteristics of Successful Programs of College Calculus (CSPCC).
Results from this study showed that students’ experiences in Calculus I have significant effects
on their decisions about pursuing science, technology, engineering and/or mathematics (STEM)
majors and on their attitudes toward mathematics in general (Bressoud, Carlson, Mesa &
Rasmussen, 2013). Specifically, students’ experiences in Calculus I are primary reasons that
many are individually feeling discouraged from continuing in the calculus course sequence
(Rasmussen & Ellis, 2013). Inspired by the CSPCC study and our own offering of multiple
versions of this fundamental course, we conducted a study to investigate differences and
similarities in Calculus I student persistence in STEM disciplines and attitudes and beliefs
toward mathematics. In this paper, we seek to address the following research question: Do
different learning experiences in Calculus I influence students’ attitudes and beliefs differently?
To answer this question, we measured attitudes and beliefs as in the CSPCC study and compared
them across multiple course populations. We then isolated student academic backgrounds and
compared the variability of these across the student populations with changes in these measures
to determine how changes in attitudes and beliefs were related to background data in our
populations.
Background
In 2012, the President’s Council of Advisors on Science and Technology (PCAST)
reported an historically high need for STEM graduates to strengthen the national work-force
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(2012). Studies that have shown that the number of students pursuing a STEM degree has
remained constant at about 30% (Carnevale, Smith & Melton, 2011; Eagan, Hurtado & Chang,
2010) while less than 40% of these students actually complete a STEM degree (PCAST, 2012).
Many STEM intending students change majors (Ellis, Kelton & Rasmussen, 2014; Seymour &
Hewitt, 1997) and though researchers have found many reasons for their departure (PCAST,
2012; Seymour & Hewitt, 1997), the Calculus I learning experiences of these students is
consistently reported as a factor in departure (Rasmussen & Ellis, 2013; Seymour & Hewitt,
1997). Calculus I is considered by many to be a gateway through which students pursuing a
STEM major must pass in order to successfully pursue their degree programs. However, the
CSPCC study showed that almost a quarter of the students in any given calculus class do not
achieve a passing grade (Bressoud et al., 2013). The teaching of Calculus I and its associated
student persistence has received great attention in recent years, with many large-scale efforts
across the US focusing on various aspects of calculus instruction and their impact on student
persistence.
Much research has been done on student persistence in a number of contexts including
general educational pursuits or towards the completion of coursework (Graham, Frederick,
Byars-Winston, Hunter, & Handelsman, 2013; Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008;
Pascarella & Terenzini, 1980; Tinto, 1975, 1997, 2004). In this paper, we consider student
persistence in the Calculus sequence as the act of continuing in a STEM major (Ellis, Kelton &
Rasmussen, 2014; Seymour & Hewitt, 1997). According to Tinto’s (1975) framework of
persistence, satisfaction in the integration of social and academic life in a community has a
significant impact on persistence, and later he asserted that this model also can be employed in
analyzing students’ learning and persistence in classrooms as communities (Tinto, 1997). He
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highlights that this satisfaction is of critical importance to students during their freshman year
because it is a time when their “membership in the communities of … campus is so tenuous”
(Tinto, 2004, p. 3). Most students in the US, especially those planning to major in a STEM field,
take Calculus I during their first year in college. We hypothesize that the Calculus I experiences
of students in various versions of the course at our institution differ significantly and have the
potential to affect their attitudes toward mathematics as well as decisions about continuing to
pursue a STEM major in different ways.
According to the persistence frameworks developed by Graham, et al. (2013) and Tinto
(1975, 1997, 2004), attitudes and beliefs are critical requirements for STEM persistence. They
argue that confidence and motivation are important factors associated with student persistence in
a STEM major. Indeed, researchers have revealed that attitudes and beliefs play a very important
role in student persistence (Graham, et al., 2013; Stolle- McAllister, Domingo, & Carriollo,
2011; Summers & Hrabowski, 2014). Specifically, many of these results show that non-cognitive
factors such as motivation, interest, confidence, and beliefs are potentially important to STEM
attrition (Burtner, 2005; Chang, Eagan, Lin, & Hurtado, 2011; Espinosa 2011; Price 2010;
Schoenfeld, 1989; Seymour & Hewitt 1997). Students who succeed in mathematics display
higher levels of enjoyment of, and persistence in, mathematics (Carlson, 1999) and student
achievement is significantly correlated with self-confidence and expert-like mathematical beliefs
(Carlson, Buskirk, & Halloun, 1999). Other research has also conclusively shown that students’
beliefs and attitudes towards mathematics are strongly correlated with achievement in
mathematics classes (Pajares & Miller, 1995; Carlson, 1999; Schommer-Aikins, Duell, & Hutter,
2005). Beliefs and attitudes have been shown to have a significant impact on problem-solving
behavior (Carlson & Bloom, 2005; Schoenfeld, 1992) and self-efficacy and self-confidence are
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specifically strongly correlated with student success in the performance of problem solving
(Pajares & Miller, 2005).
Within these frameworks of cognition, beliefs and attitudes towards the learning process
and material being learned impact the process of building understanding. As such, we must
examine the role students’ attitudes and beliefs toward mathematics, including enjoyment and
confidence, play in student success in calculus. According to Leder and Forgasz (2002), there is
not a solid or common definition of ‘belief’ or ‘attitude’ since these terms “are not directly
observable and have to be inferred, and because of their overlapping nature” (p.96). Other
researchers hold that it is neither possible nor necessary to unify these different concepts of
attitude and belief since different research problems can require different definitions (Hannula,
2012; Lewis, 2013). In this study we adopt the structure formulated by Fenneman and Sherman
(1976), and the definition of attitude and belief, specifically including enjoyment and confidence,
in their work. They formulated the definition of attitude(s) towards mathematics as the positive
or negative emotional disposition toward mathematics, and the definition of belief(s) towards
mathematics as one’s psychological acceptance to the truth and value of mathematics and
learning of mathematics including the usefulness, relevance and worth of mathematics in their
life now and in the future. With these definitions, enjoyment refers to the degree to which
students enjoy working mathematics and mathematics classes, and confidence refers to students’
confidence and self-concept of their performance in mathematics. Structurally, we note that
within psychological studies (Main, 2004), the notion of beliefs and values are considered
precursors to attitude and that it is the latter that constitutes a predisposition to action. The
definitions of Fenneman and Sherman align with this structure in the sense that a student’s
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beliefs about mathematics will inform their attitudes by contributing to the positive or negative
emotional framework for engaging in mathematical practice.
Institutional Context
This study takes place at a large research university in the US where students can enroll
in one of three different versions of Calculus I depending on their planned major and placement
performance. The non-engineering, one-semester version (NE) serves students primarily from
science related disciplines such as biology, chemistry and physics. The format of the course
incorporates a highly student-focused meeting with an instructor three times per week that
incorporates group learning and other activities to develop strong conceptual understanding.
These activities incorporate a more active learning approach where students develop concepts
though guided activities. Summative assessments focus on these concepts and avoid complex
numerical processes that would require a calculator. Students meet with graduate assistants twice
a week for additional work on problem solving and homework.
The engineering, one-semester version (E) is built around engineering-based application
problems and calculus concepts are developed in the context of these problems. Three days per
week students attend more traditional lecture format meetings with the instructor of record.
During recitations two days per week, students work on activities led by graduate students that
often align with content they are also learning in their introductory engineering courses and that
maintain a high level of computational complexity. The course focuses more on technical skill
development and computational precision than on deeper conceptual understanding. Many of
these classes are offered on the engineering school’s campus, instead of near the Department’s
other classes.
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A third format is offered as a two-semester Calculus I equivalent (1A/B). Student success
and placement data are used to identify a distinct cohort of students who would have previously
either not been able to directly enroll in Calculus I or who are at the highest risk of failing or
withdrawing from a one-semester course. Students learn the content from Calculus I over a twosemester time period allowing for more in-depth coverage of core but troublesome calculus
concepts with time to review precalculus content as needed. Students meet with their instructor
three times per week in a lecture format class, and once per week in a ‘laboratory’ setting with a
graduate student to work on activities in groups designed to support the development of
concepts.
Each version of the course has a coordinator who supervises the instructors in that course
and whose philosophy about teaching and goals for the course drive their curricular decisions
independent from the other courses. These courses will be referred to as versions 1A (the first
half of the 1A/B sequence was the focus of our study), E and NE for the remainder of this paper.
Students’ Demographic Data
Demographic data for students in our courses for the Fall 2015 semester are shown in
Table 12. A notable difference between the populations is that the NE and 1A classes have larger
proportions of under-represented students. Additionally, a considerable number of students in
NE take that course during their junior year, at least compared to the E and NE courses.
Compared to the national sample of research universities (Bressoud et al., 2013), our students,
especially those in E, are less likely to work a full-time job, and our institution has comparably
fewer students from underrepresented groups.

Table 12. Student Demographics for Fall 2015 by percentages
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1A

E

NE

N = 120

N = 246

N = 105

Female

45.83

21.55

50.48

46

Male

54.17

78.45

49.52

54

White

91.67

92.28

90.48

81

Black

6.67

2.85

2.86

5

Asian

3.33

2.85

8.57

17

Hispanic

1.67

1.21

0.00

9.00

Freshman

74.17

77.64

62.86

83

Sophomore

14.17

19.51

20.00

10

Junior

6.67

2.03

14.29

NA

Senior

4.17

0.00

2.85

NA

Others

0.83

0.81

0.00

NA

8.33

5.69

8.57

9

Student Characteristic

Gender

Race/Ethnicity

College year

National

Enrolled full time
& work >15
hrs/week

Students’ Academic Backgrounds
In order to characterize student ability as they enter our courses, we aggregated data from
their mathematics subscore on the Scholastic Aptitude Test administered by the College Board
(SAT), their mathematics subscore on the ACT exam administered by ACT, Inc. (ACT), and
their high school grade point average (GPA). Students’ academic backgrounds are shown in
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Table 13. Overall, we conducted a pairwise comparison for average SAT/ACT (see Table 2
footnotes for descriptions) and high school grade point average with a student’s t-test among the
three course versions and found that 1A students’ average SAT/ACT score is statistically
significantly different from NE and E with p-values of 0.00059 and <0.0001 respectively, but not
between NE and E. Student high school GPA is not statistically significantly different among the
three versions. About half of the students in each of the E and NE versions indicate that they
studied calculus in high school while a lower proportion of students in 1A did. Among our
students, about one-fifth of the students in E took Advanced Placement (AP) Calculus (a
Calculus course offered in high school in the US intended to prepare students for an exam which
can earn them college credit) in high school and subsequently passed the AP Exam with a grade
of 3 or higher, but very few in NE did so. AP scores of 3 or higher out of 5 can earn college
credit at our institution.

Table 13. Students’ Academic Backgrounds
Student background

1A

E

NE

National

578

618

580

663

SAT/ACT mathematics Score ACTa

25

28

26

29.1c

High-school

3.62

3.65

3.64

3.77

35.83%

54.07%

46.67%

70%

5.83%

19.51%

0.95%

26%

Actual institutional average

SATa

mathematics GPAb
Studied calculus in high
school
Earned 3 or higher, AP
Calculus exam

62
a

SAT is a standardized test used for college admissions in the U.S. consisting three

components, and mathematics score is one of the components with a score range from 200
to 800. ACT is another standardized test used for college admissions in the U.S. consisting
four components, and mathematics score is one the components with a score range from 1 to
36
b

GPA was calculated using A=4, B=3, etc. for student self-reported grades.

c

This number is calculated from the original CSPCC data set.

Compared to the national pool of research university students (Bressoud et al., 2013,
Table 5, column 2), our students’ average SAT/ACT raw mathematics scores and high school
GPA differ significantly (p < 0.0001). Among all three versions at our institution, the percentage
of students who took calculus in high school is much lower than the national study and the
percentage of students who earned a 3 or higher on the AP Calculus exam who subsequently
enrolled in a college calculus class is also substantially lower. Approximately 26% of students in
the national study enrolled in Calculus I had earned a 3 or higher on the AP Calculus exam. At
our institution, only 11.89% of students earned a 3 or higher. However, it should be noted that
students earning a score of 4 or 5 on the AP Calculus exam can earn credit for Calculus I at our
institution and would therefore normally take Calculus II without taking Calculus I. Thus,
students who might increase our percentage in this category would likely have earned credit for
the course already and not be enrolled in Calculus I and not in our sample.
Methods
We collected data using two surveys administered during the CSPCC study to
specifically investigate student beliefs and attitudes about mathematics among the Calculus I
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student population. Students received a survey between the second and third week of the fall
2015 semester and a follow up survey two weeks before the end of the semester. Extra credit for
completion of the surveys was given to the participating students differently for each version as
determined by the course coordinator. We surveyed a total of 1019 students, and 715 students
completed either the pre- or post-survey. We report here on the 471 respondents (120 for 1A, 246
for E, 105 for NE) who completed both the pre- and post-surveys. The survey questions are
mostly Likert scale questions in multiple formats (refer to Appendix A and Appendix B for
details). For the 4-option Likert scale questions, the response options ranged from level “1” to
level “4”, and were coded with numbers from 1- 4. For the 6-option Likert scale questions, the
response options ranged from Strongly Disagree to Strongly Agree, and were coded with
numbers from 0 - 5.

Table 14. Factors for analysis
Variable

Data Type/Source

Pre-survey

Post-survey

X

X

X

X

6-option Likert scale
Beliefs
4-option Likert scale
6-option Likert scale
Attitudes
4-option Likert scale
Confidence a

6-option Likert scale

X

X

Enjoyment b

6-option Likert scale

X

X

Increased interest c

6-option Likert scale

X

Desire to continue studying
3-option Likert scale
mathematics
a

d

“I am confident in my mathematical abilities”

X

X
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b

“I enjoy doing mathematics”

c

“This course has increased my interest in taking more mathematics”

d

“If I had choice, I would never take another mathematics course/ I would continue to take

mathematics”

We analyzed data along factors established in survey questions used in the CSPCC study:
beliefs, attitudes, confidence, enjoyment, increased interest, and desire to continue studying more
mathematics (Table 14). We run paired sample t-test and ANOVA test to compare sample means
of students’ response on each factors in order to discover pre- and post-survey differences and
similarities across three different instructional settings, instead of building a model relationship.
Afterward, we wanted to distinguish the impact of student experience in these courses on
response data from the influence of underlying population characteristics, we compared response
data related to mathematical enjoyment and confidence to student backgrounds using
standardized measures of content knowledge and mathematical ability as evidenced by the
mathematics portions of the SAT or the ACT, the composite scores from our institutional
mathematics placement test, and student high school GPA. To do this we first scaled each of
these standardized proxy measures of academic preparation (SAT/ACT mathematics and local
placement) to a scaled score from 0 to 100 and took the highest scale score of the three for a
given student to create a new variable as an indicator of their academic preparation. Then, to
mitigate the impact of the difference in the scales of the different measures of academic
preparation, we normalize this scaled placement score and the high school GPA as institutionally
reported to a range from 0 to 1. Finally, we normalize the net change from the pre-survey and
post-survey responses to the prompt ‘I enjoy mathematics’ and ‘I am confident in my
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mathematical abilities’ to the same range of 0 to 1 and compare the variation of this normalized
placement score and the normalized high school GPA to the variation of the change in responses
to these two questions. While the Likert-type responses for the two prompts are strictly speaking
of ordinal type, it is reasonable to view them as quantifying ‘enjoyment’ and ‘confidence’ for a
given student and as such they can be regarded as interval or ratio variables here. In this way the
normalized means show the scaled value of the populations’ average state for those quantities
and the normalized standard deviations give a measure of the variance of the quantity for the
populations.
Results
We surveyed students’ beliefs and attitudes at the beginning (pre-survey) and end (postsurvey) of the semester to collect data that might reveal differences in and changes in these
beliefs and attitudes during the term as well as across the course populations. For analysis, we
first look at survey items that appear only on the pre-survey, then those only on the post-survey,
and finally compare responses to items that appeared on both the pre- and post-survey.
Changes in Student Attributes

As stated previously, we seek to answer the research question: Do different learning
experiences in Calculus I influence students’ attitudes and beliefs. The pre-survey and postsurvey provides identical statements specifically regarding students’ attributes including
attitudes, beliefs, mathematical confidence, enjoyment and desire to continue to Calculus II in
order to assess any changes. We compared responses to questions that appeared on both the preand post-surveys (Tables 4 and 5) for their total change within each course structure cohort. For
each statement (the completed statements in the full survey can be found in appendix A,
questions 31, 33-37, 39), we compared its mean to examine whether there are (statistically
significant) differences within each version as well as across versions in pre- and post-surveys.
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We asked students about their certainty in regards to their future career by providing a
statement “How certain are you in what you intend to do after college?”. Students in all three
versions are very certain of their future career. The consistency appeared in the post-survey but
was not quite as strong with a (not statistically significant) decline in each version. In the presurvey, we saw that the differences among each version were large (Table 15, Statement 1). The
differences lessened in the post-survey, but we saw no statistically significant differences across
versions in either the pre-survey or post-survey.
We asked students’ view about the role of instructor by providing a statement “The
primary role of a mathematics instructor is to:” with options range from “work problems so
students know how to do them (1)” to “help students learn to reason through problems on their
own (4)”. In both the pre- and post-surveys, students in all three classes have very similar views
about the role of the instructor being to help students learn how to reason through problems
(Table 15, Statement 2); but, in the post-survey, the level of this belief decreased in both E and
NE (with a steeper decline in NE) while substantially increasing in 1A. Differences between
groups grew in size, though not statistically significantly.
We asked students’ thoughts in regards unsuccessful attempts in problem solving by
providing a statement “For me, making unsuccessful attempts when solving a mathematics
problem is:” with options range from “a natural part of solving the problem (1)” to “an
indication of my weakness in mathematics (4)”. Students in all three versions believe that
unsuccessful attempts at mathematical problem solving are part of the learning process (Table
15, Statement 3). The pre- and post-survey responses show that this belief statistically
significantly decreased in 1A, slightly increased positively in E, but remained constant in NE. In
the pre-survey, we also noted that 1A had the largest percentage of the population taking
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unsuccessful attempts in mathematics as indicators of weakness in mathematics in the presurvey, but this scenario weakened markedly to the lowest in the post-survey, even though this
change is not statistically significant. We do not see significant differences between NE and E
between the pre- and post-surveys.

Table 15. Changes in Sample Means of Students’ Beliefs and Attitudes
Statements

1A (mean)
Pre

1. How certain are

Post

E (mean)

NE (mean)

p-value

Pre

Post p-value

Pre

Post

p-value

3.14 3.05

0.46

3.09

3.06 0.69

3.20

3.09

0.36

2.87 2.96

0.49

2.96

2.91 0.57

2.92

2.79

0.36

2.42 2.09

0.01

2.24

2.27 0.71

2.27

2.27

0.99

1.92 1.97

0.72

1.93

2.47 0.00

1.92

2.48

0.00

you in what you
intend to do after
college?
2. The primary role
of a mathematics
instructor is to:
3. For me, making
unsuccessful
attempts when
solving a
mathematics
problem is:
4. My score on my
mathematics exam
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is a measure of how
well:
5. My success in

2.53 2.68

0.25

2.64

2.75 0.20

2.64

2.59

0.68

2.61 2.67

0.63

2.98

2.67 0.00

2.52

2.35

0.24

2.90 2.81

0.48

3.05

2.95 0.21

3.25

2.77

0.00

mathematics
primarily relies on
my ability to:
6. If I had a choice,
I would (/would
not) continue taking
more mathematics
7. When studying
Calculus I in a
textbook or in
course materials, I
tend to:

We asked students’ thoughts about their exam score by providing a statement “My score
on my mathematics exam is a measure of how well:” with options range from “I understand the
covered material (1)” to “I can do things the way the teacher wants (4)”. Students in all versions
believe exam scores measure the amount of material they understand and there was a statistically
significant increase in the belief among students in E and NE that exam scores are measuring
how well they can do things the way the teacher wants (Table 15, Statement 4).With pairwise
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comparisons among the versions in pre- and post-surveys, we also found that there are
statistically significant differences between 1A and other two versions in the post-survey (pvalues < 0.001 respectively), but these differences did not appear in pre-survey. The differences
between NE and E in both pre- and post-surveys are very small and not statistically significant.
We asked students’ thoughts about the goal of learning calculus by providing a statement
“My success in mathematics primarily relies on my ability to:” with options range from “solve
specific kinds of problem (1)” to “make connections and form logical arguments (4)”. The
majority of students in all three versions tend to believe that the goal of learning calculus is to
make connections and form logical arguments (Table 15, Statement 5). Students in 1A and E
maintained this belief at the end of semester, but a small decline appeared in NE. In the presurvey, we noted that 1A is quite different from NE and E with the least number of students
holding this belief but there is not a difference between NE and E. Results of the post-survey
revealed a different picture. The big differences between 1A and other two versions decreased
while the difference between NE and E became larger, though neither was statistically
significant.
We asked students’ desire for more mathematics by providing a statement “If I had a
choice” with options range from “I would never take another mathematics (1)” to “I would
continue to take mathematics (4)”. Students in all versions indicated a low desire to continue
studying mathematics (Table 15, Statement 6) unless required to do so both at the beginning and
the end of semester, and we observed a decline in all versions with an especially steep decline in
E that was statistically significant and a large decline in NE (not statistically significant). The
differences between 1A and E and between NE and E were statistically significantly large in the
pre-survey (p-values < 0.001 respectively), but very small between 1A and NE. Results from the
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post-survey revealed a different picture. The differences between 1A and NE became statistically
significantly large (p-value = 0.0276), but the difference between 1A and E diminished. The
difference between NE and E is still statistically significant (p-value = 0.0123), but the gap is
much smaller.
We asked students’ views about how to study materials by providing a statement “When
studying Calculus I in a textbook or in course materials, I tend to:” with options range from
“memorize it the way it is presented (1)” to “make sense of the material so I understand it (4)”.
The data also revealed that a large number of students in all three versions tend to understand
that trying to make sense of the materials is a better method of studying Calculus I instead of
trying to memorize them (Table 15, Statement 7). However, a pre- and post-survey comparison
indicated a decrease in this tendency, especially in NE where there was a statistically significant
massive shift. In the pre-survey, we saw that large differences occurred among the versions, and
differences between NE and other two versions were statistically significant (p-values <0.001
respectively). In the post-survey, the big differences still there, but not statistically significant
anymore.
Students were also asked about their confidence, enjoyment in mathematics and desire
for more mathematics (Table 16). Students across versions reported high levels of confidence
and enjoyment of mathematics, even though they are all unexpectedly at statistically significant
lower levels (p-values <0.0001) than the national pool (Bressoud et al., 2013, Table 7, column
2). Also, overall students reported a statistically significant decrease in these three attributes with
p-values<0.01 from pre-survey to post-survey. This trend is consistent with the national data
(Bressoud et al., 2013, Table 9, column 3).

71

There were also differences among students across the three versions by specifically
examining confidence, enjoyment and desire to continue in mathematics in each version with a
pre- and post-survey comparison. A deeper investigation showed that students in 1A have
statistically significantly lower levels of confidence and enjoyment with p-value < 0.05
comparing to NE and E; furthermore, between E and NE, students in E have a higher level of

Table 16. Change in Students’ Confidence, Enjoyment and Desire for More Mathematics
Variables

1A

Confidence Pre

E
p-value

Mean

p-value

Mean

p-value

Mean

(SD)

(ES)

(SD)

(ES)

(SD)

(ES)

(SD)

3.57

0.46

3.84

<0.01 (- 3.80

<0.01

4.93

(1.09)

0.70)

Post 3.47
(1.13)
Pre

National

Mean

(0.97) (-0.10)

Enjoyment

NE

3.31

0.76

(1.36) (-0.04)
Post 3.26
(1.41)
Desire for Pre

2.61

more math

(1.07) (-0.06)
Post 2.67
(1.11)

0.63

(1.13) (-0.67)

(1.01)

3.08

3.04

4.40

(1.23)

(1.41)

(1.19)

3.73

<0.01 (- 3.24

(1.16)

0.52)

0.01

4.69

(1.51) (-0.33)

(1.24)

3.13

2.74

4.28

(1.28)

(1.58)

(1.35)

2.98

0.01

2.52

0.24

2.97

(0.94)

(-0.33)

(1.11) (-0.15)

(1.00)

2.67

2.35

2.83

(1.10)

(1.09)

(1.07)
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confidence, and enjoyment than those in NE, and the difference in enjoyment is statistically
significant with a p-value <0.001. There is a small decrease in confidence and enjoyment but a
small increase in desire for more mathematics in 1A, but these changes are not statistically
significant. On the other hand, we observed dramatic decreases in students’ confidence and
enjoyment in E & NE, and t-tests show that these shifts are statistically significant. Moreover, we
see a statistically significant decrease in students’ desire to continue in mathematics in E, but not
in NE. In addition, the negative effects on these three attributes in E are much greater than in NE.
Therefore, students’ beliefs and attitudes towards mathematics in 1A kept steady. The overall
declines in student’s attitudes and beliefs are most affected by the declines in E and NE.

The Effects of Different Course Learning Experiences
Ultimately, we seek to determine whether the observed changes in students’ attitudes and
beliefs are related to the students’ learning experiences in each version of our course. As the
beginning step in this process we first attempt to distinguish the patterns found in the underlying
students’ background characteristics from the patterns of enjoyment, confidence and their
observed changes. For this analysis we consider placement data derived from SAT/ACT
mathematics subscores and high school GPA as indicators of demographic variability. We then
then normalize the values for these scores, the Likert scale responses for enjoyment and
confidence, and then their observed changes by dividing by the range of each of these scores to
arrive at values that vary from 0 to 1. The observed normalized means and standard deviations
are recorded in Table 17. We then observe that the overall variability for both enjoyment and
confidence, as measured by the standard deviation of the distributions, is roughly two to three
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times as large as the variability of our demographic measures, and larger than the variability
found in the change measured from the pre- to post-survey for both variables.

Table 17. Normalized Descriptive for Confidence, Enjoyment and Background
1A
Mean

Standard

E
Mean

Deviation
Standardized

NE
Standard

Mean

Deviation

Standard
Deviation

0.71

0.08

0.77

0.12

0.73

0.17

High School GPA

0.73

0.13

0.76

0.12

0.75

0.17

Pre Enjoyment

0.65

0.28

0.74

0.24

0.64

0.31

Pre Confidence

0.71

0.20

0.76

0.23

0.76

0.23

Post Enjoyment

0.65

0.29

0.62

0.26

0.55

0.32

Post Confidence

0.69

0.23

0.61

0.25

0.60

0.29

Enjoyment Change

0.50

0.13

0.44

0.13

0.45

0.15

Confidence Change

0.50

0.11

0.43

0.13

0.42

0.16

Placement

Next, we seek to determine if any of the measured variances in the values for enjoyment
and confidence or the variances of the changes of these values matches the variance found in the
underlying demographic variables in our populations. The correlations for the enjoyment and
confidence indices with the normalized SAT/ACT mathematics placement data and the
normalized high school GPA (Table 18) show that in one case, correlation with high school GPA
for NE, we see statistical significance with the pre-survey confidence levels. All other correlation
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levels are low and not significant. We also find that placement correlates with both confidence
and enjoyment in the post-survey data for 1A and E, but less so for NE.

Table 18. Correlation of Enjoyment and Confidence with Content Background Demographics
1AB

E

NE

Correlation Correlation Correlation Correlation Correlation Correlation
with

with High

with

with High

with

with High

Placement

School

Placement

School

Placement

School

GPA

GPA

GPA

Pre Enjoyment

-0.063

0.042

0.001

-0.031

-0.100

-0.184

Pre Confidence

-0.121

0.071

-0.014

0.061

-0.054

-0.219*

Post Enjoyment

0.339**

0.182*

0.197**

0.035

0.228*

0.222*

Post Confidence

0.237**

0.010

0.169**

0.072

0.174

0.071

0.178

0.046

0.156*

0.035

0.076

-0.105

0.182*

0.225*

0.167**

0.095

0.121

-0.069

Enjoyment
Change
Confidence
Change
** Significant at the ρ-value < 0.01 level (two-tailed). *significant at the ρ-value < 0.05 level
(two-tailed)

Finally, we form the null hypothesis Ho that the variance of the demographic variables
represented by normalized placement data derived from SAT/ACT mathematics subscores, σSP,
and high school GPA, σHS, are the same as the variances for the change in enjoyment and the
change in confidence, σCE and σCC observed. We then check to see if one of the four pairings, σSP
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= σCE, σHS = σCE, σSP = σCC, and σHS = σCC, is true. Wilcox (2016) and Morgan (1939) equate this
to showing that two random variables 𝑋 and 𝑌 will have the same variance if the Pearson
correlation of the variables 𝑈 = 𝑋 − 𝑌 and 𝑉 = 𝑋 + 𝑌 vanishes. That is
𝑉𝑎𝑟(𝑋) = 𝑉𝑎𝑟(𝑌) ⟺ 𝐶𝑜𝑣(𝑋 − 𝑌, 𝑋 + 𝑌) = 0
Computing the correlations for the sum and difference pairs of the change in enjoyment
and change in confidence with either placement or HSGPA in our case we find that none of the
changes co-vary with the underlying demographic variables since the covariance vanishes. This
implies that impact of student background can be distinguished from the impact of the different
course experiences on student enjoyment and confidence. This result in turn suggests that student
experience is a stronger driver than background for the changes observed and given the different
levels of the change for each version as shown above, this is strong evidence that the different
course experiences have different impacts on student enjoyment and confidence.
Discussion
As noted earlier in this work, research has consistently indicated that the affective aspects
of student non-cognitive factors such as attitudes, beliefs, confidence, enjoyment, desires and
other underlying beliefs, have an impact on STEM persistence (Burtner, 2005; Chang, Eagan,
Lin, & Hurtado, 2011; Espinosa, 2011; Price, 2010; Seymour & Hewitt, 1997; Schoenfeld,
1989). In the current work, we observe in the 1A format small decreases in confidence and
enjoyment and a small increase in desire for more mathematics that were not significant.
Students in NE also showed a decrease in desire for more mathematics but this change was not
statistically significant. The levels of these responses were not as high as was observed in the
national study, and students in 1A demonstrated lower levels of agreement in confidence,
enjoyment, and desire for more mathematics compared to the E and NE populations.
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Our main result shows that after engaging in the E course structure students stated a
larger, statistically significant decrease in confidence, enjoyment and desire to continue in
mathematics and in the NE course structure they showed similarly high statistically significant
decreases in confidence and enjoyment when compared to the national population. The strong
difference in the response of the 1A group compared to the other two suggests that this
population has different levels of enjoyment in mathematics and confidence in their
mathematical abilities from the larger aggregated local calculus NE and E populations as well as
from the national one-semester calculus population.
Data for E began with confidence and enjoyment levels a point lower than the national
results and the effect size we observe in the two variables, ranging from -0.33 to -0.70, are all
larger than observed nationally. Students in NE also began with lower levels, but the effect sizes
were similar to the national population. Interestingly, students in E exhibit similar levels of
desire to continue as the national cohort, but the decrease in that desire is more than twice the
size as that observed nationally. Students in the other two course structures enter with lower
desire to continue, but their desire remains more constant; NE population’s decreases with an
effect size of -0.153 while the 1A population’s actually increased. It is reasonable to conclude
that our population of students is in some way different enough from that of the national study
and that an accurate determination of these differences might shed light on what aspects of our
course structures resonate with our populations and which do not.
These distinctions seen from the point of view of the different course structures then
suggest a similar comparison with outcomes in student behaviors. Viewed from the point of view
of retention, Tinto (1975) has identified a number of areas that impact student persistence in their
educational track. These can in part be characterized as either facet of academic or of social
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integration. Examples of academic integration (Tinto, 2004; Elkins, Braxton, & James, 2000)
include grade outcomes, a student’s value of the learning process and what they learn, their
enjoyment of a subject, their enjoyment or appreciation of the learning process, the level to
which they identify with existing academic norms and the level to which they identify with the
role of ‘student’. In addition, student attitudes and beliefs impact their enjoyment and are related
to their confidence in their abilities (Wesson & Derrer-Rendall, 2011). In the data from this
study, response rates to the three items concerning confidence and enjoyment show differences
across course structures for ‘I understand the mathematics that I have studied’, ‘I am confident in
my mathematical abilities’ and ‘I enjoy doing mathematics’. Of these, the question regarding
confidence shows that 7% more of the students in E respond as confident than in NE and 13%
more than 1A. We expect then, higher persistence of enjoyment and other beliefs for this group
compared to others. Surprisingly, we see much higher negative effect sizes for E than for either
NE or 1A on enjoyment, confidence and desire for more mathematics coursework.
On the other hand, thinking of self-efficacy as our perception of our ability to deal with a
situation (Pajares & Miller, 1995; Ormrod, 2006), attitudes and the underlying beliefs that
support them tend to move towards negative or unsupportive actions when our self-efficacy is
lower and so we would expect students with lower indicators of self-efficacy to exhibit larger
negative changes in beliefs. That is, if we perceive ourselves as being incapable of impacting a
situation such as an outcome on a mathematics exam, we tend to move away from attitudes or
beliefs that support positive action. With this in mind, we can look for this within our data and
outcomes and we find that, indeed, the higher negative effect size for E suggests some
underlying issue with self-efficacy interacting with the course structure. Students in that course
structure exhibit higher levels of self-efficacy and confidence, as expected, but these beliefs are
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less robust during that course than those of others again implying that indeed, the course
structure itself has an impact on the students that was negative regardless of their academic
background on entering it.
Our current findings focus on how student beliefs and attitudes change based on their
experiences in our courses. A natural extension will be to analyze whether and how students
experienced their Calculus I courses differently and to attempt to align that with the more
granular differences in instruction in the three formats. In addition, it is unclear whether and how
the data can be used to actually implement instructional change in the courses. The data do,
however, encourage us to further investigate the reasons for explaining how these differences
occurred. Looking specifically at subsets of these populations such as only STEM intending,
gender subgroups, or STEM persisting subgroups, may yield insights into what aspects of these
courses are effective. At very least, we hope to provide baseline data needed to document and
analyze change in these factors as the courses pursue interventions to retain talented STEM
majors.
Our findings represent an important first step in understanding the way in which the
national results of the CSPCC study can be used to understand the effects of a local
implementation of calculus with a large population involving varied goals and backgrounds. For
both the external comparison to the national data and internal comparisons within the three
versions of the course offered at our institution, the small size does raise questions about the
robustness of our data; if the sample size for the 1A and NE were much larger, the comparisons
could be much more convincing. However, at a minimum, these findings highlight several other
questions for future work: whether students do indeed benefit more long-term by taking the twosemester slow-paced calculus and whether it is better to group STEM-intending and non-STEM-
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intending students for this coursework. This work also provides a basis for making informed
decisions about changes in courses, specifically in E to address the significant decrease in
confidence, enjoyment and desire to continue in mathematics.
Conclusion
In this report we compare students’ beliefs and attitudes toward mathematics across three
different offerings of Calculus I at a single institution, and a number of differences were
observed in student responses to the courses. We draw the following conclusions from this study
as described below.
On the whole, prior to taking Calculus I at our institution, our students had academic
backgrounds that suggested that they would be successful in our courses, high levels of
confidence, beliefs, enjoyment and desire for more mathematics, even though the levels of these
responses were not as high as those observed in the national study. Also, students in the 1A
‘stretch calculus’ demonstrated lower levels of agreement in these areas compared to the E and
NE populations.
Focusing more on specific student beliefs and attitudes, we found a dominant belief in the
role of the instructor, the process of problem solving, and the goal of learning calculus across all
three versions. These outcomes are again similar to those from the national study. In this work,
however, we are more interested in any observed contrasts since our research questions focus on
the differences in student’s beliefs and attitudes towards mathematics among students in the
different versions of the course. As noted above, students in 1A have a higher level of beliefs,
enjoyment and desire for more mathematics but a lower level of confidence, while in contrast
students in E and NE possess greater self-confidence (Table 15 & Table 16).
In conclusion, to answer our research question, results indicate that student experiences in
three versions of Calculus I at our institution have an effect on both their beliefs and attitudes
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toward mathematics. Moreover, the impact of the course structures is different, and we were able
to isolate the impacts within course structures from the student demographic backgrounds within
those structures, implying that some aspects of the course experiences themselves are responsible
for these differences. We hypothesize that the strongly traditional lecture-based format of the E
course led to a stronger negative impact on students’ confidence and enjoyment in mathematics
though there may be other properties of the structure responsible for this effect. Further work
needs to be done to determine what role the way in which engineering majors are concentrated in
E and other science majors in NE might be responsible for some of these differences, but our
analysis indicates that the changes observed in attitudes and beliefs are independent of a
student’s content background and preparation.
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Paper 2: The moderation effect of course structures on the relationship between persistence
and students’ attitudes and beliefs or perceptions of pedagogies

Abstract
Student persistence in science, technology, engineer, and mathematics (STEM) field has been
one of important focus in mathematics education research. A constant rate of STEM student
enrollment coupled with a high drop-out rate has been a striking issue. Many studies have been
dedicated to investigate the influence factors that have played a role on this problem; and the
factor that has been cited most is the learning experience in an introductory mathematics course
– Calculus I. One of the research results has indicated that there is a great relationship between
STEM persistence and student attributes or student perceptions of pedagogy. In this paper, we
investigated the impact of three different Calculus I course settings on the relationship. Our
finding showed that course structures are statistically significant important in the relationship.
Keywords: Calculus, Persistence, Attitudes, Perceptions of Pedagogies
Introduction
A constant enrollment rate with a high drop-out rate in science, technology, engineering,
and mathematics (STEM) field has been a striking issue in mathematics education research.
Much research has been devoted to solve this problem by finding and investigating the impacting
factors in support of improving the STEM persistence. Led under the auspices of the
Mathematical Association of America (MAA), a national scale study under the title
Characteristics of Successful Programs of College Calculus (CSPCC) was conducted to
investigate Calculus I instruction in U.S colleges and universities. One of the goals of this study
was to examine the impact of students learning experiences in Calculus I on students’ persistence
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on pursing a STEM major and on students’ attitudes and beliefs. This national research studied
Calculus I students’ learning experiences focusing on the effect of their attitudes and beliefs and
perceptions of teachers’ pedagogy on their STEM persistence. There are two major results from
this work. One result showed that a student’s STEM intention is affected by their perception of
instructors’ instructional methodologies (Bressoud, Carlson, Mesa & Rasmussen, 2013). Another
result showed that students’ attitudes and beliefs toward mathematics are correlated strongly with
their perception of instructors’ pedagogical approach (Sonnert, Sadler, Sadler & Bressoud,
2015). Therefore, this national study evidently showed that student experiences in Calculus I are
a primary factor impacting a student’s decision whether to continue in the calculus course
sequence (Rasmussen & Ellis, 2013). Inspired by the CSPCC study and our own offering of
multiple versions of this fundamental course, we conducted a study to investigate relationships
between Calculus I students’ STEM persistence and students’ attitudes and beliefs and
perception of pedagogies in three different instructional settings. In this paper, we seek to
address the following two research questions:


RQ1: Is Calculus I students’ STEM persistence predicted by students’ attitudes & beliefs
or perception of pedagogies?



RQ2: Is the relationship between persistence and students’ attitudes and beliefs or
perception of pedagogies moderated by the different structures of the Calculus I course?
Literature Review
The National Science Foundation (2014) has reported that the number of jobs requiring

STEM skills are projected to increase by 8.7 percent in the U.S job market. As reported by Giffi,
et al. (2015) and Morrison et al. (2011), there is a shortage in the supply of STEM graduates to
fill 600,000 STEM related positions in manufacturing sectors and this shortage is likely to
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increase to two million over the next decade if there is no further intervention. In a recent report,
the President’s Council of Advisors on Science and Technology (PCAST, 2012) reported that the
national work-force needs a tremendous number of STEM graduates to support its competitive
position in the global market. Yet, studies related to STEM retention have shown that despite this
substantial demand, the number of STEM intending students remains confoundingly low (Chen
& Soldner, 2013). According to Seymour and Hewitt (1997), there is a 40 percent drop-out rate
for engineering students, a 50 percent drop-out rate for physical and biological sciences students,
and a 60 percent drop-out rate for students in mathematics coursework. Many other studies also
have shown that the number of STEM intending college students has maintained a constant rate
of 30% and that less than 40% of them actually complete a STEM major (Carnevale, Smith &
Melton, 2011; Eagan, Hurtado & Chang, 2010). Tai et al. (2006) showed that the number of
graduates in science programs has declined significantly, despite the fact that STEM programs
are considered to be very desirable and meaningful career paths by many STEM entrants.
According to Chen and Soldner (2013), the least popular science program is the physical
sciences, attracting approximately 3 percent of STEM entrants. In addition, Sunstein (2013)
found that academic performance and overall college success of the U.S students are lower for
STEM graduates compared to those in Australia, China, England, Japan, and Russian.
To better understand the nature of this contradictory situation, there has been a longsustained effort to study students’ STEM persistence in mathematics educational research
(Seymour & Hewitt, 1997; Tinto, 2004; Graham, Frederick, Byars-Winston, Hunter, &
Handelsman, 2013). According to the persistence frameworks developed by Graham, et al.
(2013) and Tinto (1975, 1997, 2004), satisfactory integration into the social and academic life of
a community has a significant impact on persistence, and later Tinto asserted that this model also
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can be employed in analyzing students’ learning and persistence in classrooms as communities
(Tinto, 2004). In these persistence frameworks, the effectiveness of instructors’ teaching plays a
critical role in affecting a student’s decision about whether to dropout. Many large-scale national
research projects also have focused on studying the factors affecting the retention rate of STEM
candidates such as the previously mentioned Characteristics of Successful Programs of College
Calculus (CSPCC, 2009-2014). The results of these projects showed that the most significant
factor impacting STEM persistence is students’ perception of instructional pedagogies (Ellis,
Kelton, & Rasmussen, 2014; Bressoud et al., 2013). Seymour and Hewitt (1997) categorized and
ranked the reasons that students indicated for switching out of STEM majors related to learning
experiences, and unsatisfactory experience with poor teaching is ranked the highest. The results
showed that 90% of students who switch out said they switched out because of a concern about
the poor quality of teaching including the absence of faculty-student interaction, lack of
preparation and organization on the part of the instructor and dryness of presentations. The
CSPCC studies identified two collective categories of teaching pedagogies, “Good Teaching”
(GT) and “Progressive Teaching” (PT) (Bressoud et al., 2013; Sonnert et al., 2015). They
observed that STEM intending students and Non-STEM intending students had different
perceptions on these two types of instructional methodologies. They also observed that these two
methodologies together can significantly lower the switch rate and improve the students’
outcome, and in general “good teaching” is more important than progressive teaching. According
to several prior studies (Rogers & Ford, 1997; Seymour & Hewitt, 1997; Cheryan, Master, and
Meltzoff, 2015), students lose their interest in STEM programs because of several unpleasant
experiences in science courses, and the poor teaching techniques of some instructors is cited the
most. A notable number of switchers also experienced an un-supportive learning environment
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where instructors are hard to approach with an unwillingness to provide assistance on learning
and give a weed-out talk at the very beginning of the course (Seymour & Hewitt, 1997; Hunter,
Thiry, Holland, Harer, & Seymour, 2016). Both switchers and persisters specifically criticized
the instructor’s pedagogical techniques of teaching. The most common ones are poor preparation
of the lecture, a lack of sequencing or coherence on material, and little attempt at checking
students’ understanding (Seymour & Hewitt, 1997; Hunter, Thiry, Holland, Harer, & Seymour,
2016). Ellis, Kelton, and Rasmussen (2014) specifically analyzed the difference between
students’ and instructors’ perception of instructors’ pedagogical activities in teaching Calculus I,
and concluded that the instructor’s pedagogy is the main factor impacting students’ persistence
in Calculus I. Students indicated that instructors did not display an understanding of the
relationship between the amount of material to teach/learn and the constraint of time allotted to
do so.
Other critical requirements for STEM persistence in the persistence frameworks
developed by Graham, et al. (2013) and Tinto (1975, 1997, 2004) are students’ attitudes and
beliefs. They claimed that confidence and motivation are significant factors in predicting student
persistence in a STEM major. Indeed, researchers have revealed that student persistence are
strongly associated with students’ attitudes and beliefs (Graham, et al., 2013; Stolle- McAllister,
Domingo, & Carriollo, 2011; Summers & Hrabowski, 2014). Many of these results explicitly
identified the importance of non-cognitive factors such as motivation, interest, confidence, and
beliefs in explaining STEM attrition (Burtner, 2005; Chang, Eagan, Lin, & Hurtado, 2011;
Espinosa 2011; Price 2010; Schoenfeld, 1989; Seymour & Hewitt 1997). Carlson (1999) found
that students carried a high level of enjoyment of mathematics when they succeed in
mathematics, in turn attracting them to persist in mathematics. Carlson, Buskirt, and Halloun
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(1999) also claimed that self-confidence and expert-like mathematical beliefs are essential
aspects in understanding a student’s achievement in mathematics. Other research has also
conclusively shown that students’ beliefs and attitudes towards mathematics are strongly
correlated with achievement in mathematics classes (Pajares & Miller, 1995; Carlson, 1999;
Schommer-Aikins, Duell, & Hutter, 2005). Beliefs and attitudes have been shown to have a
significant impact on problem-solving behavior (Carlson & Bloom, 2005; Schoenfeld, 1992) and
self-efficacy and self-confidence are specifically strongly correlated with student success in the
performance of problem solving (Pajares & Miller, 1995).Mattern, Radunzel, and Westrick
(2015) found that the analytical and mathematical skills that do not meet the needs of their
coursework are major contributing factors to STEM attrition. As reported by Noel-Levitz (2013),
45 percent of incoming freshmen had significant problems with mathematics. We, as STEM
education researchers, understand that mathematics is central to competencies in STEM
programs, and analytical and mathematical skills are very critical to success in STEM programs.
Calculus I is the first course that most STEM intending students take, and this course is
considered as a gateway course for most STEM majors. Studying students’ learning experience
in this course is essential. According to the report from the national-scale study of CSPCC,
almost a quarter of the students in any given calculus class do not achieve a passing grade
(Bressoud et al., 2013). Research also found that the Calculus I learning experience is
consistently reported as a factor in departure (PCAST, 2012; Rasmussen & Ellis, 2013; Mattern,
Radunzel, & Westrick, 2015; Ellis, Fosdick, & Rasmussen, 2015; Seymour & Hewitt, 1997).
Therefore, the improvement of the instruction of Calculus I in an effort to keep and increase the
number of STEM intending students has received a great attention in recent years. The results of
our study contribute by providing a richer picture of successful college calculus teaching
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programs and a better understanding of calculus offerings and the aspects of the different
programs that are and will be most successful.
The CSPPC and other prior studies found that there are relationships between students’
STEM persistence and students’ attitudes and beliefs or perceptions of pedagogies in general.
However, these studies have not taken characteristics of course structures into consideration. The
purpose of our study is to replicate the CSPCC study and first to examine effects of student
attitudes and perceptions of pedagogy on persistence and second to investigate the effects of
course structure in these relationships. Thus, we sought to answer two research questions: (a) Is
Calculus I students’ STEM persistence predicted by students’ attitudes & beliefs or perception of
pedagogies? (b) Is this relationship between persistence and students’ attitudes and beliefs or
perception of pedagogies moderated by the different structures of the Calculus I course?
Methods
This study takes place at a large research university in the U.S where students can enroll
in one of three different versions of Calculus I depending on their planned major and placement
performance. The survey instruments from the CSPCC study were obtained and student cohorts
identified in three calculus variants offered at a larger research university in the US.
The first one is called non-engineering (NE). This is the traditional Calculus I course for
non-engineering majors. The length of this version is one-semester. Students in this version are
primarily from science related disciplines such as biology, chemistry and physics. In this format,
students meet with an instructor three times per week participating in group learning and other
activities to develop strong conceptual understanding. Instructors deliver these activities with a
more active learning approach to help students developing concepts though guided activities.
Comprehensive assessments focus on these concepts and avoid complex numerical processes
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that would require a calculator. In addition, students are required to attend recitations led by a
graduate assistant twice a week for additional work on problem solving and homework. Both the
class and recitation are capped at 34 students, some sections smaller.
The second one is called engineering (E). This course is one-semester. It is built around
engineering-based application problems and calculus concepts are developed in the context of
these problems. Students in this version major on an engineering discipline. Students meet with
an instructor three days per week. Instructors teach materials with a more traditional lecture
format. During recitations two days per week students work on activities led by graduate
students that often align with content they are also learning in their introductory engineering
courses and that maintain a high level of computational complexity. The class and recitations are
capped at 40 students; some sections are smaller. The course not only focuses on conceptual
understanding, but also focuses on technical skill development and computational precision.
Many of these classes are offered on the engineering school’s campus, instead of near the
Department’s other classes.
A third format is the two-semester Calculus I equivalent (1A/B). Student success and
placement data are used to identify a distinct cohort of students who would have previously
either not been able to directly enroll in Calculus I or who are at the highest risk of failing or
withdrawing from a one-semester course. The length of this format is two semesters. It gives
students an opportunity to learn the content from Calculus I at a slower pace, allowing for more
in-depth coverage of core but troublesome calculus concepts with time to review precalculus
content as needed. Students meet with their instructor three times per week in a lecture format
class, and once per week in a ‘laboratory’ setting with a graduate student to work on activities in
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groups designed to support the development of concepts. The class and labs are capped at 80
students, some are smaller, but some are larger.
There is a coordinator for each version of the course. The coordinator supervises the
instructors in that course and his/her philosophy about teaching and goals for the course drive the
curricular decisions independent from the other courses. There is a common course syllabus in
each of the three formats. However, instructors in the non-engineering course are allowed to
modify the home-work grading policy. These courses will be referred to as versions 1A (the first
half of the 1A/B sequence was the focus of our study), E and NE for the remainder of this paper.
Procedure

The data were collected using a survey that had been used in the CSPCC study (CSPCC,
2009-2014). Before the data collection, an IRB approval was obtained. Afterward, we
administrated the survey at the end of the fall 2015 semester (i.e., two weeks before final exam).
Extra credit for completing the survey was given to the participating students differently for each
version as determined by the course coordinator. We surveyed a total of 1019 students and 614
students completed the corresponding survey.
Participants

We restricted our data to only those with complete data, which means students completed
all fields in the survey. We report here on the 396 student respondents. The demographic
information is shown in Table 19 below. Chi-Square test shows that E has statistically significant
more males and more STEM intending students than other two versions.

Table 19. Demographics of participants
E

NE

1A

Total

90

206 (52.02%)1

89 (22.47%)1

101 (25.51%)1

396

Female 2

44 (21.55%)

45 (50.48%)

46 (45.83%)

135

Male 2

162 (78.45%)

44 (49.52%)

55 (54.17%)

261

White 2

190 (92.23%)

81 (91.01%)

92 (91.09%)

363

Black 2

6 (2.92%)

3 (3.37%)

7 (6.93%)

16

Other 2

10 (4.85%)

5 (5.62%)

2 (1.98%)

17

Intention to

STEM

193 (93.69%)

48 (53.93%)

73 (72.28%)

314

take

Intending 2

Calculus II

Non-STEM

13 (6.31%)

41 (46.07%)

28 (27.72%)

82

Number of
students
Gender

Ethnicity

Intending 2
1

the percentage number is calculated in respect to total sample size. 2 the percentage number is

calculated in respect to sample size of each version

Measures

We collected survey data from students in three types of Calculus I courses. Students
were asked about their beliefs and attitudes about mathematics, STEM intention, and perceptions
of their instructor’ teaching pedagogies among the Calculus I student population. There are
sixteen (16) questions asking about beliefs and attitudes toward mathematics (CSPCC, 20092014). Among these sixteen questions, nine (9) questions ask about beliefs, e.g. “Mathematics is
about getting exact answers to specific problems”; three (3) questions ask about attitudes, e.g.
“When studying Calculus I in a textbook or course materials, I tend to memorize it the way it was
presented/make the sense of the material so I understand it”; three (3) questions ask about
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confidence, e.g. “I am confident in my mathematical ability”. Questions in each of three
categories are a mixture of 4-option Likert scale questions with level of “1” to “4” and 6-option
Likert scale questions with options “Strongly Disagree” to “Strongly Agree”. Further, each of
these three categories was checked for its reliability with a Cronbach’s Alpha greater than 0.89.
In addition, there is one (1) 6-option Likert scale question ask about enjoyment, “I enjoy doing
mathematics”, with options “Strongly Disagree” to “Strongly Agree”. We checked the normality
of responses for this question, and it is a little bit skewed to the left of normal distribution.
There are total thirty-three (33) questions asking about perceptions of teaching
pedagogies, consisting twenty-one (21) questions about Good Teaching pedagogies (GT), e.g.
“During class time, how frequently did your instructor: show how to work specific problems?”,
and twelve (12) questions about Progressive Teaching pedagogies (PT.), e.g. “During class time,
how frequently did your instructor: have students work with one another?”. Each of these
questions were 6-option Likert scale question either with options of “Strongly Disagree” to
“Strongly Agree”, or with options of “Not at all -1” to “Very often -6”.
In addition, there is a question asking students “Do you intend to take Calculus II?” with
options of “Yes”, “No”, and “Not sure”. This question is used to determine the students’
persistence. STEM intending students’ intention to continue taking Calculus II has been
considered a good indicator for determining STEM persistence in the literature (Ellis, Kelton,
and Rasmussen, 2014). Therefore, students who responded “Yes” are considered as persisters,
and who responded “No” are considered as switchers. We excluded the students who provided a
“Not sure” response because of a very small number (𝑛 = 13).
Plan for Analysis

We chose students STEM persistence as our dependent variable (dichotomous), and mean
score of students’ attributes toward mathematics including beliefs, confidence, attitudes,
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enjoyment, and students’ perceptions of pedagogies including good teaching and progressive
teaching as independent variables, and we denoted these independent variables as
𝑥1 , 𝑥2 , 𝑥3 , 𝑥4 , 𝑥5 , 𝑥6 respectively. We first centered our independent variables. Thus, the average
of each independent variable is 0. First, we examined the correlation matrix among all variables.
Next, we ran six multiple logistic regression models to answer RQ1 and RQ2.
The first two of six models are used to answer RQ1. The first model tests the relationship
between students STEM persistence and students’ attributes toward mathematics. The second
model tests the relationship between students STEM persistence and students’ perceptions of
pedagogies.
To answer RQ2, first we created two dummy variables to represent student enrollment in
1A and E with NE as the reference group. Then we ran a moderation analysis by considering 1A
and E as two moderators. The third and fourth model examined the main effect of course
structures. The fifth and sixth models investigate whether the relationship found in the first and
second model differ by course structures. The results of fifth and sixth models together will
answer RQ2.
Results
Analysis results for RQ1

We ran a correlation analysis among our dependent and independent variables, and the
results are reported in Table 20. All the correlation coefficients are considered to be small or
very small, and they are all statistically significant with a p-value less than 0.01.

Table 20. Correlation matrix of variables
1

2

3

4

5

6

7
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Persistence

1.00

Beliefs

0.12

1.00

Confidence

0.15

0.59

1.00

Attitudes

0.21

0.33

0.36

1.00

Enjoyment

0.23

0.47

0.64

0.49

1.00

Good Teaching

0.05

0.33

0.41

0.26

0.31

1.00

Progressive Teaching

-0.07

0.17

0.13

0.08

0.06

0.55

1.00

To answer of RQ1, we ran the following model to study the relationship between student
persistence (as dependent variable) and student beliefs (𝑥1 ), confidence (𝑥2 ), attitudes (𝑥3 ), and
enjoyment (𝑥4 ) (as independent variables).
𝑝

Model A: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 𝑥1 + 𝛽2 𝑥2 + 𝛽3 𝑥3 + 𝛽4 𝑥4 + 𝑒𝑖
𝑖

The results of model A are reported in Table 21. The results show that students’ attitudes and

Table 21. Students persistence predicted by students’ attitudes and beliefs
Predictor

Coefficients

SE

Odds Ratio

𝜌-value

Intercept

1.53

0.15

0.82

<0.01

Beliefs

0.14

0.36

0.54

0.70

Confidence

0.12

0.17

0.53

0.45

Attitudes

0.69

0.24

0.67

<0.01

Enjoyment

0.29

0.12

0.57

0.02
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enjoyment are statistically significant positively predicting students’ persistence. As a student’s
level of attitudes and enjoyment increases, students are more likely to persist. At average level of
attitudes and enjoyment, a student’s probability to persist is 82%. Specifically, as shown in
Figure 2, for one standard deviation (SD) increase in level of attitude, the probability of
persistence increases about 6%; for one standard deviation increase in level of enjoyment, the
probability of persistence increases about 5%.

100%

Probabilit of Persistence

90%
80%

82.22%

87.62%

82.22%

87.43%

75.47%

75.14%

70%
60%
50%
40%
30%
20%
10%
0%
Low

Average

High

Attitudes

Low

Average

High

Enjoyment

Figure 2. Comparison on the relationship of attitudes and persistence at different level; and
comparison on the relationship of enjoyment and persistence at different level
Notes. Predicted values for low attitudes are 1 SD (SD = 0.62) below the mean and high attitudes
are 1 SD (SD = 0.62) above the mean; Predicted values for low enjoyment are 1 SD (SD = 1.43)
below the mean and high enjoyment are 1 SD (SD = 1.43) above the mean.

We ran the following model to investigate the relationship between students’ persistence
(as dependent variable) and students’ perception of pedagogies – good teaching (𝑥5 ) and
progressive teaching (𝑥6 ) (as independent variables).
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𝑝

Model B: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 𝑥5 + 𝛽2 𝑥6 + 𝑒𝑖
𝑖

The results are shown in Table 22. We found that both good teaching and progressive teaching

Table 22. Students persistence predicted by students’ perception of pedagogies
Coefficients

SE

Odds Ratio

𝜌-value

Intercept

1.37

0.13

0.80

<0.01

Good Teaching

0.51

0.21

0.63

0.01

Progressive Teaching

-0.43

0.20

0.39

0.03

Probability of Persistence

Predictor

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

73.26%

Low

80.00%

85.06%

Average
Good Teaching

High

84.49%

Low

80.00%

Average

74.11%

High

Progressive Teaching

Figure 3. Comparison on the relationship of good teaching and persistence at different level; and
comparison on the relationship of progressive teaching and persistence at different level
Notes. Predicted values for low good teaching are 1 SD (SD = 0.71) below the mean and high
good teaching are 1 SD (SD = 0.71) above the mean; Predicted values for low progressive
teaching are 1 SD (SD = 0.75) below the mean and high progressive teaching are 1 SD (SD =
0.75) above the mean.

are statistically significant in predicting students’ STEM persistence. Good teaching positively
predicted the students’ persistence, and progressive teaching negatively predicted the persistence.
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At the average level of good teaching and progressive teaching, a student’s probability to persist
is about 80%. Specifically, as shown in Figure 3, for one standard deviation increase in level of
good teaching (SD = 0.71), the probability of persistence increases about 5%; and for one
standard deviation increase in level of progressive teaching (SD = 0.75), the probability of
persistence decreases about 6%.
Analysis for RQ2

Before addressing the moderation effect, we ran two models to determine whether there
were main effects of course type on persistence. After creating two dummy variables to represent
version E and version 1A and considering version NE as the reference group, we complete the
following two models by including course structures as additional predictors of Model A and
Model B described previsouly:
𝑝

Model C: ln (1−𝑝𝑖 ) = 𝛽0 + 𝛽1 𝑥1 + 𝛽2 𝑥2 + 𝛽3 𝑥3 + 𝛽4 𝑥4 + 𝛽5 (𝐸) + 𝛽6 (1𝐴) + 𝑒𝑖
𝑖

𝑝𝑖

Model D: ln (

1−𝑝𝑖

) = 𝛽0 + 𝛽1 𝑥5 + 𝛽2 𝑥6 + 𝛽3 (𝐸) + 𝛽4 (1𝐴) + 𝑒𝑖

The completed results of these two mdoels can be found in Appendix I. Results showed that the
course structures are statistically significant factors affecting STEM persistence in both models.
In model C, at the average level, a student’s probability of STEM persistence in E, 1A,
and NE are 96%, 74%, 56% respectively. In addtion, the predictor of enjoyment became
statistically insignificant. On the other hand, the predictor of confidence became statistically
significant. In model D, at the average level, a student’s probability of STEM persistence in E,
1A, and NE are 95%, 70%, 54% respectively. Additionally, the significance of the effect of
progressive teaching was no longer statistically significant, leaving the good teaching as
statistically significant predictor.

97

Next we examined the moderation effect in RQ2 by examing the following two models
by considering the course structures of 1A (𝑧1 ) and E (𝑧2 ) as moderators, where the variables 𝑥1
to 𝑥6 are beliefs, confidence, attitudes, enjoyment, good teaching, and progressive teaching. The
results of these models are reported in Table 23 and Table 24 respectively.
𝑝

Model E: ln (1−𝑝𝑖 ) = (𝛽0 + 𝛽5 𝑧1 + 𝛽6 𝑧2 ) + 𝑥1 (𝛽1 + 𝛽7 𝑧1 + 𝛽11 𝑧2 ) + 𝑥2 (𝛽2 + 𝛽8 𝑧1 +
𝑖

𝛽12 𝑧2 ) + 𝑥3 (𝛽3 + 𝛽9 𝑧1 + 𝛽13 𝑧2 ) + 𝑥4 (𝛽4 + 𝛽10 𝑧1 + 𝛽14 𝑧2 ) + 𝑒𝑖
𝑝

Model F: ln (1−𝑝𝑖 ) = (𝛽0 + 𝛽3 𝑧1 + 𝛽4 𝑧2 ) + 𝑥5 (𝛽1 + 𝛽5 𝑧1 + 𝛽7 𝑧2 ) + 𝑥6 (𝛽2 + 𝛽6 𝑧1 +
𝑖

𝛽8 𝑧2 ) + 𝑒𝑖
In the model E, the only statistically significant interaction term (or the moderation
effect) is the Confidence: E, and its coefficient is positive. This term indicates that students’
effect of confidence on persistence is positively moderated by version E. in other words, student
confidence in the version E class had a stronger relationship with persistence than students in NE
class. As shown in figure 4, at an average level of confidence, a student in version E has a
probability of persistence of 98%. For one standard deviation increases in level of confidence
(SD =1.08) of a student in version E, the probability to persist increases about 2%. For one
standard deviation decrease in level of confidence of a student in version E, the probability to
persist decreases about 6%.

Table 23. Student’s persistence prediction with moderation effects
Predictor

Coefficients

SE

Odds Ratio

𝜌-value

Intercept

0.30

0.25

0.57

0.22

Beliefs

0.61

0.71

0.65

0.39

98

0.13

0.35

0.53

0.70

Attitudes

0.94

0.46

0.72

0.04

Enjoyment

0.10

0.25

0.52

0.70

E

3.57

0.61

0.97

<0.01

1A

0.73

0.35

0.68

0.04

Beliefs: E

-1.02

1.11

0.26

0.33

Confidence: E

1.20

0.53

0.77

0.02

Attitudes: E

0.39

0.76

0.60

0.60

Enjoyment: E

-0.35

0.36

0.41

0.33

Beliefs: 1A

-0.49

0.96

0.38

0.61

Confidence: 1A

-0.04

0.46

0.49

0.92

Attitudes: 1A

-0.63

0.64

0.35

0.32

Enjoyment: 1A

0.35

0.34

0.59

0.31

Probability of Persistence

Confidence

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

91.89%

97.95%

99.51%

Low

Average

High

Confidence:E

Figure 4. Moderation effect in engineering-based course on the relationship of confidence and
persistence
Notes. Predicted values for low confidence are 1 SD (SD = 1.08) below the mean and high
attitudes are 1 SD (SD = 1.08) above the mean.
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In the model F, the statistically significant interaction terms (moderation effects) is
Progressive Teaching: 1A, and its coefficient is positive. It means that students’ persistence is
positively moderated by their perception of progressive teaching pedagogies in version 1A. The
moderation effect for the perception of good teaching pedagogies is not different across three
versions. As shown in figure 5 (left side), at an average level of perception of progressive
teaching pedagogies, a student in version 1A has a probability of persistence of 72%. For one
standard deviation (SD = 0.75) increase in level of perception of progressive teaching of a
student in version 1A, the probability to persist increases about 7%. Comparing to the persistence
probability reference group (version NE) with respect to perception of progressing teaching, we
noted that the moderation effect in 1A is very significant.

Table 24. Students persistence predicted by moderation effects
Predictor

Coefficients

SE

Odds Ratio

𝜌-value

Intercept

0.34

0.25

0.58

0.17

Good Teaching

1.31

0.46

0.79

<0.01

Progressive Teaching

-1.25

0.49

0.22

0.01

E

2.74

0.44

0.94

<0.01

1A

0.58

0.34

0.64

0.09

Good Teaching: 1A

-1.05

0.63

0.26

0.10

Progressive Teaching: 1A

1.31

0.63

0.79

0.03

Good Teaching: E

-0.14

059

0.46

0.82

Progressive Teaching: E

0.85

0.69

0.70

0.22

100

100%

Probability of Persistence

90%
80%

78.20%
72.41%

71.50%

70.57%

Low

Average

High

70%
58.45%

60%
50%

35.49%

40%
30%
20%
10%
0%
Low

Average

High

NE

1A

Figure 5. Moderation Effects in two-semester Calculus I equivalent course and non-engineering
course on the relationship of progressive teaching and persistence
Notes. Predicted values for low progressive teaching are 1 SD (SD = 0.75) below the mean and
high progressive are 1 SD (SD = 0.75) above the mean

Discussion and Conclusions
In this paper, we utilize survey tools developed by the national CSPCC project to
investigate two research questions within three different Calculus I populations. The first of these
focuses on discovering the relationships between students’ STEM persistence and students’
attributes or perceptions of instructional pedagogies. The second of these focuses on examining
the effect of course structures on the predictor’s relationship with STEM persistence. We found
some factors of students’ attributes and students’ perceptions of pedagogy predicted STEM
persistence in the same way among three course types, but some did not. These observations led
us to conclude that the content of course types need to be considered seriously for understanding
the relationships between students’ persistence and students’ attitudes and beliefs or perceptions
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of pedagogy. Specifically, there are two conclusions of interest. First, student attributes, such as
attitudes and enjoyment, and students’ perception of pedagogies are statistically significant
factors predicting students STEM persistence; and students’ perception of good teaching is more
strongly predictive of persistence than progressive teaching. Second, our study provides a more
nuanced description of the relationship between students STEM persistence. Specifically, student
attitudes and beliefs or perception of pedagogies is not consistent across course sections than
previous studies (Bressoud et al., 2013; Sonnert et al., 2015). Course structures cannot be
ignored.
We found students’ attitudes and enjoyment are significant factors for positively
predicting STEM persistence. This result is consistent with the literature (Graham, et al., 2013;
Stolle- McAllister, Domingo, & Carriollo, 2011; Summers & Hrabowski, 2014). According to
the results of moderation effect analysis, we found that students’ attitudes did not predict
students’ STEM persistence differently between the traditional Calculus I course (the NE
version) and two non-traditional Calculus I courses (1A and E versions), nor the two nontraditional Calculus I courses. Moreover, although the prediction of students’ confidence of
STEM persistence was not different between the traditional version and two-semester version,
students’ confidence predicted students STEM persistence significantly differently between the
non-engineering and the engineering versions.
Ignoring course type, we found that good teaching pedagogies positively predict STEM
persistence, but overall progressive teaching pedagogies negatively impact STEM persistence.
This result confirms the results found in the CSPCC study (Sonnert et al., 2015) as well as other
prior studies that good teaching as perceived by students is more important than progressive
teaching for retention. However, based on the results we found on the moderation effect of
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perception of pedagogies, we noted that those relationships are different across course types. Our
results showed that the prediction of STEM persistence using students’ perception of good
teaching pedagogies was not different across three course types; however, the prediction of
STEM persistence using students’ perception of progressive teaching was significantly different
between traditional Calculus I and two-semester Calculus I. The relationship of progressive
teaching and persistence in NE at low level was statistically significantly stronger than at high
level. In contrast, the relationship of progressive teaching and persistence in 1A at low level was
close as strong as at high level of progressive teaching.
According to the persistence framework developed by Tinto (1975, 2005) and Graham, et
al. (2013), as well as other prior studies, student attributes – such as attitudes, beliefs,
confidence, and enjoyment – and the teaching methodologies employed by instructors are
important criteria in predicting persistence. Thus, the results from our analyses were able to
provide additional insights into these relationships as well as to confirm the original results from
other prior studies including the CSPCC findings. We were able to conclude that confidence
predicated persistence differently with different content of course structures, but attitudes did not
predict persistence differently across course types. The finding may suggest an instructor to
focus on using teaching pedagogies that can support or improve engineering major students’
confidence during of teaching. We are also able to conclude that effectiveness of an instructor’s
good teaching methodologies are critical for a population of students who are at the highest risk
of failing or withdrawing from a one-semester course. Since the progressive teaching pedagogies
are preferred for this group students, an instructor who teaches this type of course need to think
carefully using progressive teaching pedagogies in a classroom.
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With all these conclusions, it should be noted that our analyses were not cause-effect
analyses. We are not able to determine whether students’ confidence in engineering Calculus I
would stand alone to cause a student to persist in STEM field, nor were we able to determine
whether students’ perception of progressive teaching pedagogy in two-semester Calculus I would
stand alone to cause a student to persist in STEM field. Additional studies need to be conducted
to establish the cause and effect relationship of confidence and progressive teaching pedagogy.
In summary, our results complement the outcomes of the CSPCC of Calculus I programs
by providing an additional window into the ways in which student attitudes, beliefs and
confidence interact with the course structures. Sonnert et al., (2015) found that students’
perception interacts with their attitudes and beliefs in complex ways. This study of persistence as
related to students’ attitude and beliefs provides additional insight into this process. Investigating
course structures as moderating factors then uncovered additional ways in which these structural
factors interact with student attitudes, beliefs and confidence and then ultimately persistence,
moving us closer to a better picture of the complexities found in previous work.
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Paper 3: A Exploratory Study on Characteristics of Calculus I Students’ Career DecisionMaking Strategies
Abstract
College students tend to choose their academic major based on their desired future occupation,
and this choice may change depending on how well they progress within that degree program.
Students who choose science, technology, engineering and mathematics (STEM) majors, at most
institutions, usually take a mathematics course during their first semester. In addition, most
STEM-intending students need to finish the calculus sequence in order to complete a STEM
major. Much research has shown students’ experiences in a calculus course, especially in
Calculus I, impacts their decision to remain in a STEM field. In this paper, we sought to
investigate the following research question: are there changes in Calculus I students’
characteristics of career/major decision making strategies and reasons for switching their
decisions after one semester of Calculus I? In this case study, we present an examination of
career and major selection choices of students in a first-semester calculus course and how those
intentions change over the course of a semester by comparing students’ pre- and post-survey
responses to a career decision making survey. Between the pre- and post-survey responses, we
found differences in their reasons for switching in general as well as differences by gender and
STEM classification, but saw no differences in students’ responses for why they chose their
majors, the attractiveness of their majors, and the characteristics of how they chose their majors
over the course of a semester. We focus here on the changes in the reasons why students change
their majors.
Keywords: Calculus, Career Decision Making, STEM
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Introduction
Many students who leave science, technology, engineering and mathematics (STEM)
fields switch to non-STEM majors after taking their introductory STEM classes (Scott, Tolson &
Huang, 2009), thus making introductory science and mathematics courses a rich environment for
investigating STEM departure. Many of the students who transfer out of STEM majors perform
well in these introductory classes (Manhaes, da Cruz, & Zimbrao, 2014) and those who began
their postsecondary education in STEM fields proceed to earn bachelor’s degrees at a higher rate
than those who began in non-STEM fields (Scott, Tolson & Huang, 2009). These findings
suggest that many students leaving STEM majors are qualified and, with an increased
understanding of the causes of STEM departure, may be an ideal source of successful STEM
graduates. The career exploration state of incoming college students is complex. Students can
come to college with highly distorted impressions of their chosen profession due to various
factors including the lack of authentic role models for scientists and engineers in many
communities and by inaccurate portrayals of the profession and members of the profession in
popular media. Seymour and Hewitt (1997) identified that students’ career or major interest is
one of main five factors that can explain student’s STEM departure. Understanding the factors
that are important in career decision making for calculus students can greatly help in
understanding students’ STEM departure.
Literature Review
Students generally choose their major when they start their college/university life based
on their planned future career (Ferreira, Santos, Fonseca, & Haase, 2006). However, studies have
shown that students, especially female students, change their career plans after a semester of
Calculus I (Bressoud, Carlson, Mesa, & Rasmussen, 2013; Ellis, Fosdick, & Rasmussen, 2016).
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Much research has been conducted to study the characteristics of students’ major and career
decision making processes and to identify influencing factors. They have found that various
intrinsic and extrinsic factors, and combinations of the two, influence major and career choices
of students (Borchert, 2002; Bandura, Barbaranelli, Caprara & Pastorelli, 2001; Levine &
Hoffner, 2006; McQuaid & Bond, 2003; Millward, Houston, Brown, & Barrett, 2006). Seymour
& Hewitt (1997) stressed the complex interplay of intrinsic and extrinsic factors and their
influence on career decision making. One of the extrinsic factors that has been reported
frequently is the learning environment (Seymour & Hewitt, 1997; Reay, David, & Ball, 2001;
Boyd & MacDowall, 2003). For instance, teachers, as one element of the learning environment,
play a very influential role in student career choice by providing information and advice about
the characteristics of the major and its related future career choices. According to Boyd and
MacDowall (2003), students indicated that course teachers are an important source of support in
their decisions. Seymour and Hewitt (1997) asserted that a student’s learning experience is a
critically important factor that impacts a decision to either continue or change their planned
major and career, even though its influence on career choice decisions may various from one
population to another.

Current Study
In the fall 2015, collaborating with the Physics department at our institution, a study was
conducted to study the characteristics of developmental mathematics students and calculus I
students who have declared a STEM major and career intentions. Seven surveys were
administrated to two cohorts intending to gather information in regards to students’ self-efficacy,
self-identity status, STEM-belonging, anxiety, personality traits, career decision making process,
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etc. The ultimate goal of the study is to build models of successful developmental mathematics
and calculus I students in STEM disciplines. In this paper, we focused on the collected data in
regards to Calculus I students’ career decision making process. Our goal was to examine the
characteristics of Calculus I students’ career decision making strategies and to explore changes
in these characteristics after one semester in a calculus learning environment by answering the
research question: are there changes in Calculus I students’ characteristics of career/major
decision making strategies and reasons for switching their decisions after one semester of
Calculus I?
Methods
In the fall semester of 2015, a newly-developed survey was administered twice to a
cohort of 1,257 Calculus I students to assess their career decision-making strategies. The survey
was constructed based on Brown’s (2004) work on identity and Bullock-Yowell, Andrews, &
Buzzetta’ s (2011) work on career decision making process and its relationship to a student’s
self-efficacy in that context (Pajares and Miller, 1994; Bandura, 1997). The survey was given in
the second week, and again in the final week, of the semester. Extra credit was offered as an
incentive to encourage completion of the survey. There were 458 calculus students who
completed both pre- and post-surveys. Students were more mostly male and STEM intending.
Specifically, of the 458 students, only 73 were non-STEM intending students and 150 were
female students.
This study specifically focused on analyzing eleven questions that were intended to
assess a student’s process and reason(s) for choosing a major and career. There were two openended questions: What seems attractive about your current major or career goals? and How did
you come to decide on your current major? Completed responses to these two questions from
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any of 1,257 students were coded for themes by two members of the research team. Codes were
compared until there was total agreement among the researchers and each response was assigned
up to three codes. Then there were eight Likert-scale questions (Table 25) following the two
open ended questions. The Likert scales were coded with 1- 5, corresponding to options ranging
from “Disagree Strongly” to “Agree Strongly”. This survey was developed from prior work
(Brown, 2004; Bullock-Yowell, Andrews, and Buzzetta, 2011; Pajares and Miller, 1994;
Bandura, 1997) on career identity status and decision making and items were aligned with
groupings that correspond to “self-internal” or “family-external”, eight questions were
categorized into factors of “self-internal” and “family-external”. Questions Q1-Q4 were
categorized to “self-internal”, meaning that students’ characteristics of career/major decision
making strategies focused their self-identities status including self-confidence, personal interest,
personal enjoyment, etc. Questions Q5-Q8 were categorized to “family-external”, meaning that
students’ characteristics of career/major decision making strategies focused the external
influences from family such as parents’ desire, parents’ support, etc. The response of these eight
Table 25. Cronbach’s alpha of Question 1 to Question 8
Factors

Selfinternal

Items
I had difficulty choosing a college major and a future career
path.
I feel good about my current position with respect to my major.
I would be willing to change my current plans if something
better came along.
I see my occupation as being important to me in my life.

My family's opinion was very important in helping me choose
my current major.
If my family were supportive, I would be likely to change my
Familymajor.
external
Most parents have plans for their children; things they'd like
them to do or go into. My parents have plans like that for me.
My parents feel good about what I'm doing now.

Cronbach’s alpha
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questions were checked with a Cronbach alpha. The two open ended questions and eight Likert
scale questions together were used to explore characteristics of students’ career or major decision
making strategies.
There was one Yes/No question: Are you considering changing your major? that was
coded dichotomously with 1 (yes) or 0 (no) respectively. The question was then followed by
seven potential reasons for changing major, of which a student could choose as many as were
appropriate. A factor analysis was conducted on the seven potential reasons for changing majors.
and three factors were identified: “loss of interest”, “loss of belongingness and expectation” and
“lack of confidence”. Students’ declared majors at beginning of fall semester 2015 and
beginning of spring semester of 2016 were retrieved from the university registrar. This
information was used to determine a student’s classification as either STEM or non-STEM, as
well as any changes between the STEM and non-STEM groups.
Results
We began to explore students’ characteristics of career/major decision making process by
asking students about the attractiveness of their chosen major and their motivations for choosing
their major with two open ended questions. The results are shown in Figure 6 and Figure 7.
There were not many changes in students’ responses to these two statements between the preand post-surveys. The majority of students chose their major based on personal interest and
some external influence such as family and friends (Figure 6). Many students indicated that they
were attracted to their chosen major or career because of anticipated enjoyment or
interestingness of the job and an expectation of both financial and personal success (Figure 7).
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Figure 6. Student responses to open ended question about factors affecting choice of major or
career goals
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Figure 7. Student responses to open ended question about attractiveness of major or career goals

We then followed up by asking students about the characteristics of their decisionmaking process with eight Likert scale questions. These eight questions were categorized into
two factors: self-internal and family-external. Pre- and post- survey sample mean comparison of
two factors is given in table 26. We observed that students highly agree that they chose their
career or major based their self-identities with some external influences such family. These
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characteristics of decision-making are consistent with the reasons for choosing their major
shown in Figure 6 and Figure 7. In addition, we did not find any statistically significant
differences on either factor between pre- and post-survey responses.

Table 26. Sample mean comparison between factors of characteristics of career decision making
Factors
Self-Internal

Pre-survey
Mean
SD
3.84
0.50

Post-survey
Mean
SD
3.81
0.56

Family-External

3.26

3.21

0.70

0.70

t-test result
t-statistics
df
p-value
-0.91
457
0.36
-1.09

457

0.27

We also asked students if they planned to change their major both at the beginning of the
semester and at the end of the semester. The results are reported in Figure 8. At the beginning of
the semester, 21.27% of students planned to change majors and 19.74% indicated they planned
to change at the end of the semester. By using institutional information about students’ declared
majors at beginning and end of the semester, we found that a substantially high percentage of
these students did, indeed, change their major after a semester in a mathematics course, though it
was still a relatively small percentage of total students (12.81% of 458 students in the study). We
designate these students as “switchers” (Bressoud, Carlson, Pearson, Rasmussen, 2012) and the
switch rate as 12.81%.
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Figure 8. Percentage of students intending to change major by survey response and actual switch
rate of students

Students who indicated an intent to change majors at the beginning of the term described
different reasons for doing so (Table 27) than those who indicated a desire to switch at the end of
the semester. As shown in Table 26, the critical reason for change for students at the beginning
of the term were a loss of interest and a loss of belongingness and expectation in their current
major. By examining the reasons for changing majors at the end of the term, similar patterns
with some exceptions were discovered (Table 26). A loss of interest is still a critical reason for

Table 27. Pre- and post-survey comparisons for reasons for change-population indicating major
change intention.
Factors

Pre-survey Post-survey

Loss of interest

61%

60%

Loss of belongingness and expectation

62%

74%

Lack of confidence

17%

46%
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switch, although there is a statistically insignificant small decrease. There is a statistically
significant increase in the percentage of students indicating a loss of belongingness and
expectation as an important reason for switch. More importantly, a decrease in confidence
appeared as an important reason for switching at the end of the semester three times as often as
at the beginning of the semester.
Considering students by gender (Figure 9), we found an increase in the number of female
switchers from beginning to end of the semester, while the number of male switchers decreased
in that time. The data also show that the female intended switch rates are lower than those for
males. The actual switch rates are much lower than the intended pre- and post-survey rates for
both male and female students.
25%
20%

22.73%
19.48%

19.33%
16.67%
13.58%

15%

10.48%
10%
5%
0%

Pre-survey Post-survey Switch Rate Pre-survey Post-survey Switch Rate
Male

Female

Figure 9. Percentage of students intending to change major by survey response and actual switch
rate of students by gender.

Considering student responses by STEM classification (Figure 10), we found there was
an increase in the number of non-STEM intending students planning to switch, while the
numbers of STEM intending switchers decreased. The data also show that the actual non-STEM
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switch rate is lower than STEM switch rate and the actual switch rates are much lower than the
intended pre- and post-survey rates for both categories.
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Figure 10. Percentage of students intending to change major by survey response and actual
switch rate of students by STEM classification
Comparing reasons for switching in pre- and post-surveys by gender and STEM
classification, we want to find whether there are differences within each category. In Table 28,
we examine pre- and post-survey responses by gender and in Table 29 we examine pre- and postsurvey responses by STEM classification.
We see that both male and female switchers indicate a loss of interest, a loss of
belongingness and expectation and a lack of confidence as major factors for switching. The
differences in all three factors between male and female switchers are not statistically significant
in pre-survey. The differences in factors of loss of interest and loss of belongingness and
expectation between male and female are still not statistically significant in post-survey.
However, there is a statistically significant larger number of female students than male students
indicating a lack of confidence as a reason. Moreover, there is a statistically significant increase
in number of male and female students who indicated a loss of belongingness and expectation as
critical from the pre- to the post-survey, and a statistically significant increase in number of
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female students indicating a lack of confidence as an important reason for changing from the preto the post-survey.

Table 28. Switchers’ reasons for changing major during pre- and post-survey by gender
Factor

Pre-survey

Post-survey

Female

Male

Female

Male

loss of interest

56%

63%

55%

62%

loss of belongingness and expectation

64%

61%

76%

73%

lack of confidence

44%

43%

59%

42%

Both STEM and non-STEM intending switchers (Table 29) indicated in the pre-survey
that a loss of interest and a loss of belongingness and expectation were significant reasons for

Table 29. Switchers’ reasons for changing major during pre- and post-survey by STEM
classification
Factors

Pre-survey

Post-survey

STEM non-STEM STEM non-STEM
loss of interest

63%

50%

61%

53%

loss of belongingness and expectation

59%

83%

76%

67%

lack of confidence

45%

33%

43%

59%

them to switch majors. STEM students also indicated a lack of confidence as a considerable
reason for switching (45%), but non-STEM students did not consider it as important (33%). In
the post-survey, STEM students indicated same reasons for switching as in the pre-survey. Non-
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STEM students also indicated the same reasons as well, but a lack of confidence became
significant (59%) in the post-survey. The differences in all three factors between STEM and nonSTEM intending switchers are statistically significant in both the pre- and the post-surveys. From
pre-survey to post-survey, there is a statistically significant increase in number of STEM
intending switchers indicating a loss of belongingness and expectation as a reason. From presurvey to post-survey, there is a statically significant increase in number of non-STEM intending
switchers indicating a lack of confidence as reason but a statistically significant decrease in
number of non-STEM intending switchers indicating a loss of belongingness and expectation.
Conclusions
In this case study, a career exploration survey was utilized to investigate a research
question focusing on finding the differences in, and factors influencing, Calculus I students’
career/major decision making strategies after one semester of Calculus I. The findings in this
case study showed that there are no pre- and post-survey differences in students’ reasons for
choosing their major, beliefs towards the attractiveness of their major, and the characteristics of
how they chose their major, but there are distinct differences in reasons for switching major
between pre- and post- surveys. These findings are summarized to conclude that a one-semester
learning experience did not change students’ attitude and beliefs towards choosing their
major/career plan, though there were differences in what beliefs supported their attitudes
towards major changes.
The two open-ended questions and eight Likert scale questions in the surveys were
designed to examine students’ choice of major, beliefs towards the attractiveness of their major,
and the characteristics of how they chose their major. The study found no differences in
students’ responses on these ten questions. However, the study did find that students had
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different reasons for changing major or career goals after a one semester learning experience in
Calculus I and a difference in switch rate from beginning of semester to end of semester. Losing
interest, losing a sense of belongingness and expectation and lacking confidence were shown to
be influential reasons for students changing their major or career plans. These conclusions are
consistent with current literature.
Considering gender and STEM classification, the learning experience impacted female
students more than male students and impacted STEM intending students more than non-STEM
intending students. Female students and non-STEM students tended to find the factors of losing
interest and confidence as reason of switching major more severe than male students. Female
students also indicated that a sense of belonging to their major is very important impacting factor
for changing their major.
With all these conclusions, the study is not able to draw any correlations or cause and
effect conclusions since the found results are exploratory. The scales of each response items
were not subjected to a full psychometric review, and a future study need to be conducted to
examine the reliability and validity of the subscale scores. Further studies need to be conducted
to determine the causes of changes in the characteristics of student’s major or career decision
making strategies and causes of reasons for switching planned major or career. Even more
importantly, what role(s) of these changes played in impacting a student’s STEM intention
should a very interesting research questions that need to be answered.
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Chapter 4. Dissertation Conclusions
The purpose of this dissertation was to examine how first semester calculus students’
learning experiences are related to their STEM intentions. The following three research questions
guided the development of the study and the subsequent analysis of the data.
1. Do different learning experiences in Calculus I influence students’ attitudes and beliefs
differently? Are there similarities and/or differences in students’ attitudes and beliefs

toward mathematics across the different versions of Calculus I offered at the local
institution and how does my local data compare to the national data?
2. Is Calculus I students’ STEM persistence predicted by students’ attitudes & beliefs or
perception of pedagogies? Is this relationship between persistence and students’ attitudes
and beliefs or perception of pedagogies moderated by the different structures of the
Calculus I course?
3. Are there differences in a student’s level of decisiveness with which they chose their
majors and their reasons for changing majors and/or careers (if applicable) across the
different versions of Calculus I at the local institution? How are these differences
associated with STEM persistence?
These three groups of research questions loosely correspond to three different focuses through
which the research community can examine the persistence and characteristics of first semester
calculus students in STEM disciplines.
The first lens is focused on the effect of students’ learning experiences on students’
attributes including attitudes, beliefs, confidence, and enjoyment that students perceived during
one semester of Calculus I learning experiences. In this dissertation, I first specifically focused
on the exploration of similarities and differences of students’ attributes in three different versions
of Calculus I and the comparison of local data to the national CSPCC data. I then established a
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result that the discovered differences and similarities were due to different learning experiences,
not students’ academic backgrounds. The results of this analysis were presented in Paper 1 that is
under review (Wu, Deshler, & Fuller, under revision).
The second lens pertains to students’ STEM persistence. Based on the findings from the
first paper, it seemed that students had different learning experiences across different course
structures. Thus, encouraged by the findings in first paper, I started to examine the effectiveness
of three different course structures. Specifically, I started to investigate the role of course
structures involved in the relationship between student STEM persistence and students’ attributes
or students’ perception of pedagogies. The results of this analysis were presented in Paper 2 that
is currently under review (Wu, Rambo-Hernandez, Fuller, & Deshler, under review).
Finally, the third lens specified on a small portion of a big picture of student persistence. I
focused on examine students’ characteristics of major or career exploration during of one
semester Calculus I learning experience. My goal was to examine the characteristics of Calculus
I students’ career decision making strategies and to explore whether there are changes in these
characteristics after one semester in a calculus learning environment. The results of this analysis
were presented in Paper 3 that is currently under review (Wu & Deshler, in preparation).
The three papers in this dissertation are followed from one to another. Initial analysis
designed to answer the first research question focused on the examination of effect of course
structures on students’ attributes toward mathematics including attitudes, beliefs, enjoyment,
confidence and desire for more mathematics. In this paper, we pinpointed differences and
similarities of students’ attributes across three versions of Calculus I and between local data and
national data (E, NE, and 1A). We found that student learning experiences in three versions of
Calculus I have an effect on both their beliefs and attitudes toward mathematics. Moreover, the
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impact of the course structures is different, and we were able to isolate the impacts within course
structures from the student demographic backgrounds within those structures, implying that
some aspects of the course experiences themselves are responsible for these differences.
The second research question was encouraged by conclusions of first research question.
Since the impact of the course structures is different, we were wondering what role of course
structures is and so we framed our second research questions focusing on the effectiveness of
course structures. To answer the second research questions, we developed six logistic models
that were used to test relationships between student STEM persistence and students’ attributes or
students’ perception of instructional pedagogies, and the moderation effect of course settings.
The results of these six models led us to make two conclusions. First, student attributes, such as
attitudes and enjoyment, and students’ perception of pedagogies are statistically significant
factors predicting students STEM persistence; and students’ perception of good teaching is more
strongly predictive of persistence than progressive teaching. Second, the relationship between
students STEM persistence and student attitudes and beliefs or perception of pedagogies is not
consistent across course sections. Course structures cannot be ignored. Specifically, students’
attitudes and enjoyment are significant factors for positively predicting STEM persistence; and
by considering course structures, students’ attitudes did not predict students’ STEM persistence
differently between the traditional Calculus I course (the NE version) and two non-traditional
Calculus I courses (1A version and E version), nor between the two non-traditional Calculus I
courses, but students’ confidence predicted students STEM persistence significantly differently
between the traditional version and the engineering version. Good teaching pedagogies positively
predict STEM persistence, but progressive teaching pedagogies negatively impact STEM
persistence; and by considering course structures, the prediction of STEM persistence using
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students’ perception of good teaching pedagogies was not different across three course types,
however, the prediction of STEM persistence using students’ perception of progressive teaching
was significantly different between traditional Calculus I and two-semester Calculus I. The
relationship of progressive teaching and persistence in NE at low level was statistically
significantly stronger than at high level. In contrast, the relationship of progressive teaching and
persistence in 1A at low level was close as strong as at high level of progressive teaching.
The third paper was designed to be a brief research paper, in line with the third research
questions. In this paper I analyzed eleven questions that were intended to assess a Calculus I
student’s process and reason(s) for choosing and switching a major and career from a career
survey, which was given to student at beginning and at end of a semester. I first compared
student’s reasons choosing their major or career goals to identify factors that influence their
major or career decision making. I then explored characteristics of students’ career or major
decision making strategies. Finally, I compared student’s reasons for switching their major or
career goals regard and regardless of gender and STEM classifications. We found that there are
no pre- and post-survey differences in students’ reasons for choosing their major, beliefs towards
the attractiveness of their major, and the characteristics of how they chose their major, but there
are distinct differences in reasons for switching major between pre- and post- surveys regard and
regardless of gender and STEM classifications. These findings are summarized to conclude that a
one-semester learning experience did not change students’ attitude and beliefs towards choosing
their major/career plan, though there were differences in what beliefs supported their attitudes
towards major changes.
By focusing on the effect of course structures on the relationships among students’
attributes, students’ perceptions of pedagogies and students STEM persistence, this dissertation
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provides important and new information for understanding student STEM retention issue as well
contributing some insights for developing a successful Calculus program. We cannot neglect the
impact of course structure. The findings from this dissertation complement the established
outcomes in literature including CSPCC of Calculus I programs by providing an additional
window into the ways in which student attitudes, beliefs and confidence interact with the course
structures. This dissertation study of persistence as related to students’ attitude and beliefs and
perceptions of pedagogies provides additional insights understanding student retention.
Investigating course structures as moderating factors then uncovered additional ways in which
these structural factors interact with student attitudes, beliefs and confidence and then ultimately
persistence, moving us closer to a better picture of the complexities found in previous work.
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Chapter 5. Future Work
This dissertation focused very specifically on Calculus I student STEM persistence,
attitudes and beliefs, and perceptions of pedagogies. While most students pursuing a degree in
STEM field need to complete the sequence of Calculus, it is therefore necessary to extend the
investigations to the larger sequence of Calculus classes to have a better understanding STEM
retention. Moreover, as identified in the literature, there are many other factors, besides student’s
attitudes and beliefs and perceptions of pedagogies, which can affect the student STEM
persistence. Therefore, it will be very necessary to include other factors such as students’ sense
of STEM belongings, self-efficacy, anxiety, etc. when one tries to develop a more complete
framework for understanding the retention issues.
Furthermore, as indicated in all three papers, many of our conclusions are not cause and
effect conclusions. For instance, in paper 2, we are not able to determine whether students’
confidence in engineering Calculus I would stand alone to cause a student to persist in a STEM
field, nor were we able to determine whether students’ perception of progressive teaching
pedagogy in two-semester Calculus I would stand alone to cause a student to persist in a STEM
field; in paper 3, we did not determine the causes of changes in the characteristics of student’s
major or career decision making strategies and causes of reasons for switching planned major or
career, nor what role(s) of these changes played in impacting a student’s STEM intention. These
indeterminations raise many interesting research questions that need to be answered.
Lastly, the findings from this dissertation may provide many useful information and
suggestions for re-designing Calculus I curriculum and classroom teaching. However,
conclusions do not particularly provide many specific instructions how to implement these
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suggested teaching implications and how to use them in development of curriculum. It will be
very meaningful to conduct some design of experiments to test these conclusions.
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